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Price SIXPENCE Net. 


JOHN MACDONALD & SON, LTD. 


ENGINEERS, 
WATT STREET, MARYHILL, GLASGOW. 


THE BEST TYPE OF MACHINE FOR SHELLS. 


“0x° ee «©THE JOLT 
STRIPPING a. 


PLATE 
or 
DIRECT 
PATTERN 
DRAW 
JARRING 
MOULDING 
MACHINE. 





OF 
BRITISH 
DESIGN 

and 
MANUFACTURE 
THROUGHOUT. 


The illustration shows our latest design No. 6 “ AJAX ” Pneumatic Jar Ram Direct Pattern drawing 
Moulding Machine. Simplicity and stability are the chief feature of these machines, and they are built to 


stand the very hardest usage. 


The size of table is 20in. by 24in, with 18in. pattern draw and lifting Capacity 


12cwts. at a working pressure of 80lbs. per square inch. The main Cylinder performs both the jarring and 
ttern drawing operation, the side rods being adjusted according to the depth of pattern draw necessary. 
Moulds are successfully rammed in a few seconds, and are thoroughly. uniform in density, thus saving at least 


10% in overweight of casti 
other sizes and types of 


. See our M—1 catalogue for further particulars’ and information’ regarding 
“ AJAX ™ jarring Machines. 
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FREE FROM CARBON. 


M ETALS AND ALLOYS 


Ferrous and Non-Ferrous. 





FERRO CHROMIUM COPPER. Example No. 26 RARE 


10/154, Cr. The most satisfactory alloy made for the 
purpose of incorporating Chromiym in special bronzes. METALS 


ALLOYS Supplied crushed in small. pieces. 
FOR WELDING =| HEE RMIT for re-reating 


THE BRITISH THERMIT CoO., LTD., 

‘Tmt 0° 49/55, THE ALBANY, 

GARSTON. LIVERPOOL. § SPECIAL 
ALLOYS 


ORES Works: 
AND 

This firm which 's.and always has been, entirely British, has no 

hat liar title, PREPARED 


MINERALS 




















Telegrams 





connection with any other Company of 


‘THERMIT, LIMITED. 


Proprietors: NOBEL’S EXPLOSIVES Ce., Ltd., GLASGOW 
OWNERS of THE ALUMINO-THERMIC 
PROCESS-PATENTS. 


Eetablished 1904, 


REPAIRS to BROKEN 


COMPOUND. eens 
CA 
TITANIUM-THERMIT. satiated oak ut 
= 2 OUR WORKS. 


FERRO-TITANIUM. 
PURE METALS and : 
TELEPHONE: East 4157. 


ALLOYS. 
TELEGRAMS: Fulmen, Phone, LONDON 
SOLE ADDRESS:— REGISTERED TRADE MARK. 


675, COMMERCIAL ROAD. LONDON, E. 


PLEASE NOTE. —This Company has no connection with any other Firm or Company of similar title. 
All the Company's Shareholders and Employees are British. 
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BILSTON. 


ESTABLISHED 1824 


We can meet your requirements in 


SPECIAL 


Foundry frons 


CAPPONFIELD BRANDS. 


C.A.M. - - All Mine 
a o Ranee - Cold Blast 
ZENITH - Refined 


Thomas & Isaac Bradley, Ltd., 
Capponfield Blast Furnaces, 


— BILSTON. — 
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“FOUNDRITE.” 


“ FOUNDRYMEN have been seeking this material for years.” 
‘ Supplied only in 40 gallon Casks. No bulk broken. 
FOUNDRITE versus CORE GUM. 
FOUNDRITE is the binding material for moulding sand and cores. 


FOUNDRITE SUPERSEDES and makes unnecessary all classes of CORE GUM, 
LINSEED OIL and all other BINDING material. 

FOUNDRITE will renew old and burned sand, making it usable over and over again 

FOUNDRITE makes CORES unbreakable and the use of core irons unnecessary. 

FOUNDRITE leaves CORES perfectly porous and does not shrink. 








A inte RET NE GI 


FOUNDRITE has been ‘‘found right’’ for all Sand binding in the Foundry for 
all purposes. 


FOUNDRITE is supplied in LIQUID form ready for use. Dilute with Water. 








The porosity of the core is perfect, and cores so made do not 
shrink. 


SRR oti Ga pt Aer 
- 


Oey dnpiin'y 


No blowing, cracking, crumbling, heneycombing, or loss of 
strength can take place. 


COST OF USING “ FOUNDRITE.” 


For ordinary work the price is about One Penny per gallon. 


jee 


FOUNDRITE is used in all important Foundries in Great Britain 
and the Continent. 


FOUNDRITE SAVES MONEY. 
FOUNDRITE PREVENTS WASTERS. 


Se ee aed 

















Telegraphic Adéress—" MOROD, SHEFFIELD.” Telephone 4318. 


HEDLEY MOORWOOD & Co., Lid. 


21, Church Street, SHEFFIELD. 
FOUNDRY. EXPERTS. 
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CYLINDER PIG IRON 


« GOLDENDALE”” BRAND 


|| STEAM 
| HYDRAULIC 
GAS and OIL ENGINES 


Special Quality for : 


AUTOMOBILE a AERO enenes 


UNRIVALLED for Fluidity 
Easy Machining 
Soundness 
| DENSE GREY FRACTURE _ 
jj REDUCE YOUR WASTERS 
| Mahers : Galdsstiin Toon: Geahigeast, Lind: 


Tunstall, Stoke-on-Trent. 
Agents :—Manchester District— 


WESTOBY & RAWSTRON, 224, Corn Exchange Buildings, Manchester. 
Export : 




















Wm. JACKS & Co., 5, East India Avenue, London. 
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FULL PARTICULARS FROM™ 


LEYS MALLEABLE CASTINGS CO. LTD.. 


DERBY. 


MAKERS OF THE CELEBRATED BLACKHEART MALLEABLE CASTINGS. 
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THE ‘“‘ PORTWAY ”’ 


PORTABLE CORE OVENS 


For Gas or Fuel. 


TESTIMONIAL. 
From The Braintree CaStings Co., 
Chapel Hill Foundries, Braintree, Essex. 
Gentlemen, 


We are very pleased with the Core Oven we recently purchased from you. We find it dries the 
cores quickly without burning them. It is very handy and economia! to use and is altogether superior to 
other ovens of this type we have in use. 

Will you please quote us your best price for four more like it, 

Yours faithtully, 
For The Braintree Castings Co., 
(Signed) W. B. LAKE, Director. 


mus: C. PORTWAY & SON, “rorrancd ovix vous. HALSTEAD, ESSEX. 













































REGENERATIVE GAS == 


FURNACES 


FOR MAKING MALLEABLE IRON AND STEEL CASTINGS. 
CONTINUOUS ANNEALING FURNACES FOR ALL PURPOSES. 


THE E. W. HARVEY GAS FURNACE C° L1t2 


10, QUEEN ANNE’S GATE, WESTMINSTER, LONDON, S.W.1. 


SUCCESSORS TO FREDERICK SIEMENS’ BUSINESS 
FOUNDED IN LONDON BY SIR WILLIAM SIEMENS IN 1856. 


JOHN HALL & CO. 


OF STOURBRIDGE, LIMITED. 
STOURBRIDGE, ENGLAND. 


Manofacturers of 


FIRE BRICKS, BLAST 
FURNACE BRICKS AND 
CUPOLA BRICKS. 


most durable 
” 56 
only weigh 
30 . 
. ey are a 
a 
“Cl on application to 


HAS. McNRIL. ur. 
FOR LINING ty aS 
ORDINARY AND PATENT NING park iRONWo 


CUPOLA FURNACES. rN 





















































CAN ALSO BE MADE IN ALUMINIUM. 
JOHN R. FYFE & CO., aoe, 
Sindy ae ee ee when enquiring 
SHIPLEY, Yorks. or ordering 
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FOUNDRY | | rounpry SUPPLIES 
REQUISITES. || me 


COKE CUPOLA, PIT FIRE, TILTING FURNACE. 


GANISTER CONVERTER, CUPOLA, PIT FIRE, ETC. 
PATCHING TILTING FURNACE, ETC. 

SILICA BRICKS au suas. 

CORE GUM BEST AND MEDIUM. 

PLUMBAGO FINE AND MEDIUM. 

PARTING POWDER LIGHT, PLATE AND GENERAL. 
IRON CEMENT “A” AND ‘‘B” FOR FOUNDRY USE. 


FLUX IRON AND GUN, BRASS, BRONZE, ETC. 


CASTING SAND rox ano crass, 
H. G. HILLS, ETC., ETC. 


50, FOUNTAIN STREET (City), 
119 HIGH HOLBORN, LONDON W.C. 
MANCHESTER. ‘ 
























































DY RING the period when we were anticipating the needs of the 

reconstruction era we were perfecting the design and methods 
of producing a series of Chipping Hammers which would reduce the 
cost and simplify and make more rapid all the work upon which such 
hammers can be profitably employed. 


The tools illustrated and described in our catalogue—a copy of which 
we will gladly send you—reveal a standard of efficiency which will 
meet, we claim, more accurately than any others, the present day 
demands of all progressive firms engaged in the Engineering and 
Kindred Industries. 





Mav we send you a copy of this book ? 


Coventry Ordnance Works, Ltd., 
Coventry. 
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Semi-Steel is here to stay. 
We predict that Straight 
Gray Iron Mixtures 

will soon be a thing 

of the past. 


The demands of your Government during the recent 
war taught many foundrymen that semi-steel could 
not be made by mere guess work—it is necessary to 
understand the science of mixing and melting steel 
scrap in cupola mixtures. 


MODERN FOUNDRY PRACTICE— 


as exemplified by McLain’s System is as far 
ahead of the average foundryman’s practice as the 
electric light is ahead of the candle. 


FOUNDRYMEN EVERYWHERE— 


now reap the benefit of McLain’s System, as it 
shows them in concise form the scientific mixing 
and melting of iron and steel scrap—the secret of 
production of quality castings at the least cost. 


McLAIN GRADUATES— 


are neither strictly practical nor technical—but 
a combination of both—which spells efficiency and 
economical foundry practice. 


$100 pays for McLAIN’S SYSTEM, complete 
with immediate report on your cupola practice— 
which report is worth the fee alone. SEND US 
YOUR ORDER NOW WITH THE NAME 
OF YOUR BANK. 


With order send pencil sketch of cupola, 
showing diameter—tuyeres—blast pipes—amount of 
coke and iron charges on bed and subsequent 
charges—name of blower or fan, speed, etc. 


Full Information Free—to save 
time send us your order. 


McLAIN’S SYSTEM, INC. 


710 GOLDSMITH BLDG. MILWAUKEE, WIS.. U.S.A. 


















You 
Don’t 
Pay 
Until 
Your 
Bank 
Receives 
It 

And 
Notifies 
You. 
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WE SUPPLY THE LEADING FIRMS IN THE TRADE WITH 


FOUNDRY BLACKINGS 


OF ALL KINDS 
COAL DUST, CHARCOAL, PLUMBACO and BLACK-LEAD CORE CUMS and all Foundry Requisites, and have 
done so since 1831. 











I. & le WALKER, errincuam muss, ROTHERHAM. 





Our Specialite is Studying Special Requirements. 
KINDLY HAND US YOUR ENQUIRIES. 











New decadent Unit 
STEEL. CONSTRUCTION 





FREDK. BRABY & CO. LTD 


STRUCTURAL * ENGINEERS 
PETERSHILL ROAD GLASGOW 
Monufeacturers of 
STEEL BUILDINGS & STRUCTURES Heavyorlight Ordinary or Unit design 


STEEL TANKS & CISTERNS STEEL SHEETS & PLATES 
GALVANIZED CORRUGATED. SHEETS 





Gas Fired DRYING STOVES, 
ANNEALING OVENS, &c. 
NO SMOKE. SAVING 50 per cent. 
Adopted by the Leading Firms. 
PORTABLE MOULD DRIERS, &. ; ALSO FURNACES FOR ALL PURPOSES OF HEATING: 


GAS ENGINEERS, UNDERWOOD HOUSE. PAISLEY. 
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The HOME SECRETARY 


issued an Order, dated October 12th, 1917, requiring the provision of 


FIRST AID OUTFITS 


in all Metal Foundries. 


MAY, ROBERTS & CoO., Ltd. 


can tell you exactly what is required of you under the Order 
and can supply you with the means of complying with it. 
















CONTENTS OF CABINETS. 












SIZE A. SIZE B. 
Suitable for 50 or less Workers. Polished Wood Suitable for 150 or less workers. Polished Wood 
Case. Size 9 x 6} x 6} ins. Case. Size 13 x 11 x 7 ins. 
| Copy First Aid Leaflet (H.O. 923). | Cove Fine Sit erin, 84.0. S22. 
1 ,. First Aid Instructions. 3 dozen Small Finger Dressi 





ngs. 
» Medium Hand and Peet Dressings. 














3 dozen Small Sterilized Finger Dressings. 1 ". Lasge Body Dressings. 
1 dozen Medium ,, Hand and Foot Dressings. 1 » Small Burn os 
' dozen Large = Body Dressings. + « Mee ” 
$+ . Large ,, ° 
1 Bottle No. 1 Eye Drops ; Seccilined Eve . 
3 Packets Sterilized Cotton Wool. 1 Bottle No. 1 Eye Drops. 
{ Notice Card for Factory use. 1 Bottle No. 2 





} 1 Dredger Bicarbonate of Soda. 
21)- Each 4 dozen Sterilized Cotton Wool. 
ax | 1 Box Assorted Water Dressing Bandages. 


3 or more, 20/- each. 6 or more, 19/6 each. 2 only Triangular Bandages. 
! Box lodine Ampoules. 
All Dressings are Sterilized and in Cartons. 1 Spool Adhesive Plaster. 
1 Pair Dressing Forceps. 
1 Pox Safety Pins. 
“ | 1 Notice Card for Factory Use. 
Size ‘‘A” CASES are fitted with the | 45)- Each. 










MINIMUM REQUIREMENTS 3 or more, 44/- each. 6 or more, 43/6 each 
UNDER THE ACT All Dressings are. Sterilized and in Cartons. 


Manufacturers : 


MAY, ROBERTS & CO., Ltd., 


“9-13, Clerkenwell Road, E.C.1. And at 16, Westmoreland Street, Dublin, 
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ALLDAYS 


FOUNDRY REQUISITES 


The accompanying illustrations give but a brief idea of the wide range 
of Foundry Equipment made by us, which includes :— 


BLOWERS, CRANES, CUPOLAS, FANS, MELTING FURNACES (oil, gas 
and coal fired), LADLES, SAND MIXERS, SMALL TOOLS, Etc., Etc. 





Send for Particulars — Department B. 


ALLDAYS & ONIONS, LTD., 


BIRMINGHAM, 


and at 


58, Holborn Viaduct 
LONDON, E.C. 1. cs 


) indian Agents: 
ALFRED HERBERT, LTD., CALCUTTA, 


Representatives for india excepting 
the Bembay Presidency. 
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MOTOR CYLINDERS! 


If you wish to. be 
successful in the 
manufacture of the 
above it is essential 


that you use 


‘SPERMOLIN’ 


(Registered Trade Mark) 








for your CORES, 
which will overcome 
all difficulties. 








AS SUPPLIED TO H.M. WAR OFFICE. 





7 . For particulars apply to the (Makers :— 


THE SPERMOLIN CORE CoO., 
HALIFAX. 


Telegrams ;—‘‘ SPERMOLIN, HALIFAX.”’ 
Telephone: 397 HALIFAX. 
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‘*Rapid”’ Cupolas, 


with or without receivers or drop bottoms. 





Roots’ Blowers, 


belt, steam-engine, or electro-motor driven, 





Charging Platforms, 





Hoists, and Ladles. 


ECONOMICAL RESULTS 
GUARANTEED. 


We are also Manufacturers of Steam Hammers, Smiths’ Hearths, Centrifugal Pamps and Fans, High-Speed Engines 
and the “ Bradford’’ Patent Boiler Feed Pump. 
We are the original makers of “Rapid” Cupolas as under Stewart’s Patent. We make this intimation as other 
makers are introducing this description, which had become established as a synonym of Stewart's Cupolas. 














- CONTRACTORS TO HIS MAJESTY’S GOVERNMENT. 


THWAITES BROS., Lro, 


Vulcan lronworks, BRADFORD. 








Telegrams— 
“THWAITES, BRADFORD.” 


Telephone— 
Nos. 3459 and 3460 BRADFORD. 


London Office: 
96 & 98, Leadenhall Street, E.C. 


Catalogues on Application, 
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THOS. BROADBENT & SONS, Ltd. 


CENTRAL IRONWORKS, HUDDERSFIELD. 
TRY A 


BROADBENT CRANE 


YOUR FOUNDRY 


AND SAVE 


TIME, LABOUR ann EXPENSE. 


Tels: Broadbent, Huddersfield. London Off Suffolk H 
Tele: 1581 (4 lines).  powsaccall ee Semen fil Be 


























ALL IRON AND STEEL FOUNDRIES 


SHOULD BE EQUIPPED WITH 


| Stewart Wueet Moutopine 
: MACHINES. 


' Complete 
Satisfaction 


Guaranteed 

















Standard Wheel Mo siding Me nine, 
No Loose Parts Liable to be Lost. 
ACCURATE. PORTABLE. CHEAP. 





WRITE FOR PRICE AND PARTICULARS TO 


DUNCAN STEWART & CO.,LTD., 


LONDON ROAD IRONWORKS, GLASGOW. PaO a 
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T.& I. BRADLEY & Sons. Lro, 


DARLASTON, South Staffs. 


SPECIAL COLD BLAST PIG IRONS. 








Brands: 
R.A.M. IXL. G.B.R. D.M.R. 
FOR CYLINDERS. FOR CHILLED CASTINGS, &o. CHARCOAL FOR MALLEABLE 


CASTINGS, &o. 
*« SELECTION * ANALYSIS «+ FRACTURE AND CHILL + GUARANTEED + 














ALL MINE. WARM BLAST. COLD BLAST. 


@® AM @> IxL. 1X L.-CB. 


eam iF YOU HAVE DIFFICULTIES WITH YOUR SPECIAL CASTINGS CONSULT US. | 
We can put you right. 





























WILLIAM CUMMING & CO.LYD.. 


Also 
THE WELL-KNOWN BRANDS 


“IMPERIAL” 










FOR 
" IRONFOUNDERS’ 















Sopcime \ FURNISHERS / » Wis 


COAL DUST 


ETO. Estabiished 1840 — 
Write for Quotations. 


works— 
Kelvinvaile Mille, Maryhill, Glasgow. . 
Sunnyeide Biacking Mille, Pellirk. : r 
Old Packet Wharf, Middlesbrough Prudence, Glasgow. 
Aibien, West Bromwich. Cummin, Blacking Mille, Cameion. ‘ 
Whittington Bracking Mills, Nr. Chesterfieia Cumming, Whittingten, Chesterfield. 





























| 


Lene - ——— 
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FOUNDRYMEN, 
YOU ought to use “ Baltiseed ” Core Oil. 


During the War, and for many years before, it 











has been the means of a tremendously 
increased output for those who 
have, and is admitted to 
be the Best Core Oil 
ever produced for 
Iron and Steel 
Castings. 











Itisa 
scientifi- 

cally prepared 
compound, simple 
in use, and a guaranteed 
standard quality, absolutely 

free from sediment, makes per- 
fect cores, which leave castings with- 


out labour and saves dressing room costs. 


) 
1 
| 
i | 
| 
' 

: 


a a linet ant a 





For Particulars write Telephone: HALIFAX 13208. 


Wm. ASKE & C bi VICTORIA OIL, WORKS, 








Sole Manufacturers. H AL I FA X. 





Se ee SE i, i i ine wk ne tet = 
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Monometer Non-Crucible Elliptical 
Oil-Fired Melting Furnace. 











MEX FUEL OIL 


A clean, efficient, economical and 
labour-saving fuel for all types 
of oil-fired industrial furnaces and 
boiler plants. 

Our Engineers 

are at your 


Service for 
Consultation. 


ANGLO - MEXICAN 
Petroleum Co. Ltd., 


Fuel Oil (U.K.) Dept. 


16, FINSBURY CIRCUS, LONDON, E.C.2. 














“INVINCIBLE” 


PARTING POWDER 


WILL 
INCREASE PRODUCTION ON 


MOULDING MACHINES, PATTERN PLATES, 
STRIPPING MACHINES, &c. 


Manufactured by 


F. C. BARKER, 65, Mere Rd., LEICESTER. 











The GENERAL REFRACTORIES Co., Ltd. 
——————————- SBS BH EFFIELD. ———__ 
Telephone—3577 Central. Telegrams—“‘ Brick, Sheffield.” 


Sole Manufacturers 
YORKSHIRE STEEL MOULDING SAND, 
in regular use in many of the largest Steel 

Foundries in the country, 

MOULDING PAINTS. 

CUPOLA GANISTER. 

GROUND FIRECLAY. 

SILICA BRICKS. for Electric Furnaces. 
REFRACTORY HOLLOW- ‘WARE. 


QUOTATIONS GIVEN FOR EVERY CLASS OF ‘REFRACTORY 
MATERIALS ON APPLICATION. 


eon 


_ 


Special Grade “‘E”’ 


ANALYSES 


MECHANICAL TESTS 
and MICROGRAPHS 


= 

= 

= 

| — SPECIALISTS — 

i. Geneuiens IN FOUNDRY WORK. 
= Metallurgists “ 

= and Laboratory for all kinds of Metallurgical 
= Analytical Investigations. 

= Chemists. 

E NAISH & CROFT, 
= 

SaVUNUNUNTHHINL "SP Aleem Street, | 26, Univer DON Swill MIAN 





THE INVINCIBLE SAND MIXER. 


Fitted with Patent Roller Bear- 
ings, Renewable Reels, 
Grinds, Mixes, Screen Screens & Prepares. 


ig) OLD AND NEW FOUNDRY 
SANDS AT LOWEST COST. 









Saves Labour—Reduces 
Foundry Costs. 


Made in Three Sizes—1, 3 and 6 
Tons per hour capacity. 


USED IN PRINCIPAL FOUNDRIES. 


PRICES ON APPLICATION. 


18” Mizer— 1 Ton per Hour. 








C. E. V. HALL, 26, Paradise Sq., Sheffield. 





























we 


d6 


ES. 

















THE FOUNDRY TRADE JOURNAL. 377 


DORMAN DIE-CASTING MACHINES 
Contractors to the War Office, Admiralty, Ministry of Munitions and Air Ministry 

FOR THE PRODUCTION OF DEAD-SIZE DIE-CASTINGS IN TIN, LEAD & ZINC ALLOYS 

These machines have proved to be a practical profit earning proposition. 


At great speed and low labour cost they produce castings of 
splendid quality and exact size ready for use without machining. 








Size No. 2 makes Castings up to <0-lbs. weight. Size No. 1 makes Castings up to 5-lbs. weight. 


SELECTED LIST OF USERS. 
The. North Staffordshire Railway J. 1. Thornycroft & Co., Ltd., Basing- Auckland Electric Tramways Co., 


Co., Stoke-on-Trent stoke Ltd., New Zealand 
gp te Dynamo Works, Litd., Burton Fils, Paris E. Williams. Smethwick 
affor Phosphor B Co., Ltd., B’ham. 
Tozer, Kemsley & Fisher, Ltd. nner wey Caneiaeton Co “ry Straker-Squire Ltd., London 
Adelaide Selecshamnten 4 . Parsons Bros., Luton 
Lancashire & Yorkshire Railway . . Anto-Attrition Metal Co., London 
Co., Ltd., Horwich Daimler Co., Ltd., Coventry L M 
Bristol Tramways and CarriageCo., iH. B. Sale, Ltd., Birmingham Wolhan.Wenss Bearings Lea. Sam: 
Ltd., Bristol Glacier Anti-Friction Metal Co., chester 
Standard Motor Co., Ltd., Coventry London Arundel & Co., Stockport 
W imi | 
. H. DOORMAN @& CO., Limited. 
Offices and Works: STAFFORD, England. Telephone and Telegrams: Dorman 121 Stafford. 


London Offices: 3 St. Bride’s House, Salisbury Square, E.C. 4. 





iit ETO sn alse 







SEND SH HEROS TES 
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AMSLER BROTHERS 
SCHAFFHOUSE—SWITZERLAND 


can supply from Stock 


ALL SIZES OF 


Universal Testing Machines 


from 10 to 50 tons capacity, motor, belt or 
hand driven, to give tension. compression, 
bending, transverse and hardness tests. 

















Automatic balancing of the load is effected 
by a_ sensitive Pendulum Dynamometer. 


The Maximum load possible can be 


instantly varied to four different values. 


AMSLER TWENTY TONS UNIVERSAL 
Lh a a arranged for 
TRAN. G, showing hand- : +i : 

operated pump’ om the PENDULUM The simplicity and, compactness of the machines 
DYNAMOMETER. makes them specially suitable for foundry use. 


Write for particulars to 








Sole Agent for 


T. J. PRIMROSE, 162, Norwich Road, Ipswich ‘@.A5%.5 








British Moulding Machines 


And FOUNDRY eene e 





























The JARR RAM (Pneumatic). The HEAD RAM. The HAND RAM. 
The Machine with a Perfect Lift. Most powerful Hand Machine made. Adjustable to any size Box. 


The most efficient Machines, built to stand rough usage. 
WRITE FOR CATALOGUE TO— 


Britannia Foundry Company, 
Government Controlled COVENTRY, ENGLAND. Sa Oe 


ment. 
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GROUND GANISTER, 


STEEL MOULDERS’ GOMPOSITION. 


SILICA BRICKS. REFRACTORY GOODS. 
PICKFORD. HOLLAND & C®, L°, SHEFFIELD. 

















FERRO-VANADIUM. « * * * * FERRO-TITANIUM. 
SILICO-MANGANESE to ¥ Santee and 1 %, 2 %, 3 %, Carbon Maximum, 
FERRO-SILICON containing 28 %, 60 %, 78 % Silicon. 

FERRO-CHROME 65/70 ~% Cr. & 1 % up to 8/10 % Carbon Maximuta. 


ALUMINIUM 98/99 % Purity. In Notched Bars and Half Round Sticks and Granular. 
WE SUPPLY ALL CLASSES OF MINERALS, METALS AND METALLIC ALLOYS. 


EVERITT & CO., 40 CHAPEL ST., LIVERPOOL. 


Telegrams: “PERSISTENT.” Telephone No. 1134 ( lines). 














SAA AE 
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F. L. HUNT & Co. 


FOUNDRY 
FURNISHERS 


AND 


FOUNDRY REQUISITES 


Of every description. 


BUYING 


PAINT 


Send your enquiries to 
ROBERTS, GLAZEBROOK & Co., Ltd., 
Cobden Works, Gower Street, 
BIRMINGHAM. 


se 


PTT Ts 


=P eS ee 


56, 58, 60, CHAPEL STREET, 
SALFORD, MANCHESTER. 
eM LULA LLL ELLL LLL LLL LLL LLL ECL CL 


“GLUTRIN.” 


Best Core Compound for Iron, Steel, Semi-Steel, Aluminium, 
and Brass Cores. 


Can also be used with Linseed Oil to advantage. 


THOMAS WILKINSON & CO., LTD., 
; Manufacturers and Merchant, MIDDLESBROUGH. 








ETT LLL LLL LL LLLLo Loo 
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Teta “LADLES 
Telegrams: mancuester 
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NOTES AND COMMENTS. 


Open-Hearth Furnace Outputs, 

_There has recently been a certain amount of healthy 
rivalry as to the outputs being obtained from open- 
h furnaces. The Redbourn Hill Company euc- 
ceeded in obtaining at their new works near Froding- 
ham’1,103 tons 18 cwts. of mild steel in one week from 
a 60-ton furnace with an all-cold charge by machine. 
It was not so stated, but the furnace was obviously 
working the basic process. Messrs. Richard Thomas 
& Company, from a furnace rated at 50 tons, have 
turned out 1,040 tons in one week, also working basic 
practice, with cold machine charges. This furnace at 
one time was melting at the rate of 9.3 tons per hour. 
and for four weeks had an output of 3,500 tons. At 
the Lanarkshire Steel Company’s Works at Mother- 
well, operating also on cold stock, 18 charges, totalling 
825 tons 2 cwts., were produced in one week. 

It will be observed that in the case of the Lanark- 
shire Steel Company the capacity of the furnace is 
not stated, but the bath area of the furnace is given 
as 317 square feet. This, of course, is the better way 
to give figures which are intended for comparative pur- 
en ere is a great discrepancy between, say, a 

- or 60-ton furnace of one works and the furnace 
rated with a similar capacity in another, and a atill 
greater variation sometimes between, say, the foreign 
50-ton furnace and the British 50-ton. It would be 
interesting to know what was the hearth area of the 
furnace at Redbourn Hill and at the Llanelly Wovks 
of Richard Thomas & Company, Limited. Perhaps 
this information will be forthcoming. In addition te 
the hearth area a good deal depends upon the character 
of the charge. In order to be atrictly comparative, the 
percentage of scrap and of pig-iron should be. stated. 

The main object, of course, in open-hearth furnace 
work, as in all others, is to obtain the maximum 
output, and with the minimum number of heats. This 
latter is an important point, so as to minimise the 
risk that ig inevitable with all charges, such as tap 
hopes, repairs to banks, ladles, etc. In general, the 
open-hearth furnaces in this country need not fear 
comparison with those to be found anywhere in the 
world, but they do not compare in size with some of 
the American plants. When outputs are low it i, 
generally speaking, due to want of facilities for rapid 
charging on the platform A good manager will see 
that he has his raw materials available as and when 
required. A further failure to obtain good outputs is 
due to the lack of gas or to the quality of the gas. 
It is usually found that with an improvement in the 
quality or in the quantity of gas available higher 
outputs are more readily obtained. In the end the 
test of id driving is whether it pays, i.e., whether 
the life of the furnace is so seriously curtailed that 
the saving in one direction is offset in another. 


British Refractories Research Association, 

In a report submitted to the Refractories Section of 
the Ceramic Society, reference is made to the Swansea 
meeting of the Society, held in October, 1918, when a 
resolution was passed authorising the Council of the 
Refractory Materials Section to take the necessary 
steps for the formation of a Refractories Research 
Association. The following Sub-Committee was ap- 
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pointed to carry out the necessary details in connection 
with the sation of the Association :—Sir William 
J. Jones, K.B.E. (Ministry of Munitions, London) ; 
Dr. J. W. Mellor (Central Laboratory, Stoke-on- 
Trent); Mr. B. Moore (Central Laboratory, Stoke-on- 
Trent); Major C. W. omas (KE. J. & J. Pearson, 
Limited, Stourbridge); Messrs. G. Wink Wight (Jas. 
Do & Sons, Limited, Bonnybridge); Job Holland 
(Pickford, Holland & Company, Limited, Sheffield) ; 
T. Ellis (Penwyllt Dinas Silica Brick Company, Limi- 
ted, Neath); H. J. C. Johnston (Leeds Fireclay Com- 
pany, Limited, Leeds); H. E. Mason (Adam Mason & 
Sons, Limited, Norwich); and C. P. Williams (John 
Lysaght, Limited, Scunthorpe). It was decided that the 
office of the Association should be in London, and 
Mr. R. C. Rann was appointed Secretary. 

The Committee has held several meetings and 
Memorandum and Articles of Association have been 
drawn up. The Association can be registered and start 
working when this present report is approved by the 
Ceramic Society. The essential features of the Asso- 
ciation include the following, it being borne in mind 
that it is entirely and altogether a Research Association 
and not a trading company :—Members will consist of 
firms and companies engaged in the business of manu- 
facturing, using and marketing refractory materials 
and products. The Association will be managed by a 
Council elected annually by the members. Dr. J. W. 
Mellor has accepted the position of Technical Director 
of the research work of the Association. The Committee 
feel that the best method of raising funds is by means 
of a voluntary subscription from the members, with a 
minimum of five guineas per year, and ranging from 
that sum to 50 guineas per year. It is understood that 
these subscriptions must be for a period of five years. 
It is estimated that the expenses of the Association 
will be in the neighbourhood of £6,000 per annum, 
half of which will be contributed by the Department 
of Scientific and Industrial Research, leaving an 
amount of £3,000 to be found by members of the Asso- 
ciation. Subscriptions have already been promised from 
a few members amounting to over 500 guineas per 
annum for five years. Members will also have the 
right to the use of any patents or secret processes 
resulting from the research work carried out by the 
Association on nomina) terms of payment as compared 
with firms and companies who are not members. It 
will be realised that no firm or company outside the 
Association will have any of these privileges or rights. 

A preliminary programme of research work of the 
Association has been drawn up and is as follows :— 

(1) Requirements and resources, both home and 
foreign, of all kinds of refractories: (a) Fireclays; (6) 
silica; (c) magnesite; (d) dolomite; (e) bauxite; (f) 
chromite ; (g) zirconia ; (4) graphite ; (*) special materials 
such ag carborundum, alundum, etc., etc. 

(2) Properties and qualities of refractories: (a) 
Physical ; (b) chemical; (c) mechanical. 

(3) Preparation of refractories for service conditions 
in yarious industries, so as to secure uniformity of 
manufacture and qualitv 

(4) Particular types of refractories most suitable for 
use in the following industries: (a) Iron and steel: 
(6) non-ferrous metals; (c) coke ovens; (d) gasworks; 
(e) chemical works; (f) glass works; (g) potteries. 





Tue death is announced of Mr. J. Allen, a former 
manager of the Roway Iron Works, Albion, West 
Bromwich. The deceased gentleman was associated 
with the Bromford Iron Works for nearlv half a cen- 
tury; holding the position of works manager for more 
than thirty years. Subsequently he took over the 
management }of the Roway Iron Works; from which 
position he resigned. some six years ago on account of 
failing health, being retained, however, in an advisory 
capacity until his last illness. 


British Foundrymen’s Annual 
Conference. 





As briefly announced in our last iesue, the annual 
conference of the British Foundrymen’s Association 
will be held in Liverpool on July 17, 18 and 19 next. 
The headquarters of the gathering will be the Royal 
Institution, Colquitt Street, Bold Street, Liverpool. 
A local commitee has been formed, and has made the 
necessary arrangements for a series of very interesting 
visits and other functions. The programme includes 
the following :— 


Thursday, July 17.—Annual business meeting, to be 
held at 10 a.m. at the Royal Institution, followed by 
an address by the President-Elect, Mr. J. Little, and 
the reading and discussion of a Paper of technical 
interest. In the afternoon a visit will be paid to the 
works and shipbuilding yards of Messrs. Cammell, 
Laird & Company, Limited, Birkenhead, at the kind 
invitation of the managing director, Sir George Carter. 
In the evening, at 7.30, a dinner will be held at the 
Exchange Station Hotel. 


Friday, July 18.—The meeting will be continued at 
the Royal Institution, at 10 a.m., when two Papers 
will be read and discussed. In the afternoon it is 
probable that visits will be paid to one of the Cunard 
or White Star Liners, and the village and works of 
Lever Bros., Limited, Port Sunlight. An excursion to 
Southport, and probably a river trip, will be alterna- 
tive features. 


Saturday, July 19.—The concluding meeting, at 
which a further Paper will be read, will be held at 
10 a.m., at the Royal Institution, and members will 
make their own arrangements for the afternoon. 











HEAT TREATING IN ELECTRIC FURNACES.— 
According to a Paper on ‘‘ The Electric Furnace in the 
Forge Shop for the Heating of Billets for Forging, and 
the Heat Treating of Forgings,” presented to the 
American Drop Forging Association by Mr. T. F. Baily, 
president of the Electric Furnace Company, Alliance, 
Ohio, there is a saving of metal due to the lack of 
oxidation in the electric furnace which in extreme cases 
of say 5 per cent. loss on steel worth £16 13s. 4d. ton 
would amount to about 16s. 8d. per ton of metal heated. 
In addition to this the steel being in much 
better condition when it goes to the hammer or 
press due to the absence of scale, there is 
less danger of the dies being filled up with scale, as 
it is sometimes difficult even with an air draft to keep 
the dies entirely free. A typical running sheet on an 
electric furnace of 600 kw. capacity heating 3}-in. 
round billets for forging into 3-in. naval shells showed 
the average power consumption per ton to be a little 
less than 260 kw.-hrs., but taking as a basis 300 
kw- hrs. per ton to cover the delays in starting up op 
this type of furnace and with power at id. per 
kw.-hr., the cost of heating for electricity would be 
12s. 6d. a ton. It was stated that the renewals and 
repairs should not exceed that of a fuel fired furnace, 
and in fact these repairs should average much less. 
Against this cost per ton for electric furnace operation 
the fuel oil for a similar furnace operating on .sub- 
stantially 2 tons per hour would approximate in the 
average plant at least 50 gal. per ton. With a con- 
sumption of 40 gal. per ton and oil at 2}d. per gal 
this charge would be at least 8. 4d. per ton. Thus if 
the metal loss on a £16 steel should be over 14 a 
cent.. or 4s. 2d. a ton of steel heated, the cost of elec- 
tric furnace and fuel fired furnace operation would be 
the same with the exception of a better class of work 
done in the electric furnace, which would make a 
greater saving due to the production of more good 
forgings. 
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Bronze Statuary. 


Huser B. Forsrsr, of Diisseldorf, has contributed 
a series of interesting articles to recent issues of 
“Stahl und Eisen” on the casting of bronze 
statuary in olden and modern times, from which 
we abstract the following particulars. After 

iving a short outline of the history of the craft 
rom pre-historic times onward, with some illus- 
trations of bronze statuary in Rome, Florence, 
Niiremberg, and elsewhere, the author proceeds to 
state that much as we know about the bronze 
founders from chronicles, etc., we know very little 
of the origin and development of their craft. 
Nothing, for instance, or very little, has been 
handed down to us by the old craftsmen in writing 
as regards the composition of the metal they used, 
and the modern analytical chemist has therefore 
had to come to our rescue. Old Egyptian bronzes 
often contain traces of tin. The thick greyish- 
green patina on old Egyptian bronzes seems to 
point to the fact that lead must have been added 
to make the copper more fluid when pouring. 
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Fie. 1.—Bvust in PLASTER oF ParRIs. 
(One-half covered with false cores.) 














Coming to Greek and Roman bronzes, it has been 
found that these contain less lead and more tin 
and zinc, while coming to still more recent times, 
the medieval German bronze castings consist prin- 
cipally of copper alloyed with tin, and slight addi- 
tions of lead or zinc. On the other hand, the 
French bronzes of the 15th to 18th centuries were 
made of a mixture of 76 to 88 parts of copper with 
24 to 12 parts of zinc; they contain but rarely 
small admixtures of tin. 

According to our author, further, the best bronze 
is made of 90 parts of copper and 10 parts of tin, 
or of 93 parts of the former and 7 parts of the 
latter metal. The last-named mixture has prac- 
tically become the standard in Germany in recent 
years. For small objects and ornaments an alloy 
is used consisting of 88 to 92 per cent. of copper, 
8 to 6 per cent. of zinc, and 4 to 2 per cent. of tin. 
A good bronze, according to him, must contain 
not less than 88 per cent. of the red metal. This 


is practically the lowest limit which can be used, 
as more liberal additions of zinc or of lead with a 
corresponding reduction of the copper percentage 
would interfere with the proper casting of the 
metal, and render it very much less fit for finish- 
ing or fettling work upon it, such as cleaning down 
and chasing. It is illusory—he says—to talk about 
reducing the cost by skimping the dearer copper 
or tin and using more of the cheaper lead or zinc. 
The saving will be very small, and the risk of 
— the casting very great, especially if the 
object is to be cast thin. Any saving in the cost 
of the metal will probably be swallowed up by the 
cost of the extra work to be done in cleaning and 
dressing the casting. Analyses made of old bronze 
have sometimes revealed traces of iron, nickel, 
antimony, etc., but our author thinks these were 
not added purposely, but found their way acci- 
dentally into the mixture as impurities. 

The manifold alloys used by the Japanese for 
casting their bronzes are of special interest. The 
oldest bronzes in Japan, too, consist merely of 
copper and lead, while those of the Middle Ages 








Fic. 2.—VeERtTICcCAL SECTION. 


a=Core. 
b=Material for bedding false cores. 


are principally of a mixture of 70 per cent. of 
copper and 30 per cent. of zinc, with slight addi- 
tions of antimony. The alloy mostly used is called 
“ Kara-Kaué,”’ that is “China metal,’’ and con- 
sists of 72 to 86 per cent. of copper, 16 to 10 per 
cent. of lead, 4 to 7 per cent. of tin, and 6 to 2 
per cent. of zinc, with the addition of 1 to 3 per 
cent. of iron. Besides this, they use an alloy of 
copper and silver, called “ shibu-e-chi,” the pro- 
portions in which vary between 68 and 94 per cent. 
of copper and between 32 and 6 per cent. of silver, 
and which make castings very easy to work upon. 
In most recent times the best Japanese bronzes 
are stated to be of 79 per cent. copper and 21 per 
cent. of mercury. The copper-silver alloys were 
principally used in bygone days for statues in 
temples, and analyses have proved that some of the 
Buddha statues contained even 2 to 5 per cent. 
of gold. Some of these figures are of gigantic size, 
as, for instance, the one in the temple at Nara, its 
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384 
height being about 53 ft., and its width at the 
shoulders nearly 28 ft. Its metal weight cannot be 
less than 450 tons. It was cast in pieces and 
joined together with tin solder. It dates from the 
8th century, and was badly damaged in 1570 by 
fire which made the solder run. It was, however, 
subsequently restored. 

Finally, as regards the so-called French bronzes 
that find so much favour with connoisseurs and 
look like gold; as a matter of fact they are of 
brass, the proportions being 75 to 86 per cent. 
copper and 25 to 14 per cent. of zinc. 

he quality of the mixture and the colour of 
the casting, however, do not depend entirely on 
the constituent metals, but also to a great extent 
on the process of casting, and also on the tempera- 
ture of the metal at the time of pouring. 

The oldest hollow castings date from the reign 
of Rameses II., of Egypt, about 2,000 s.c. e 
Japanese prepared for their bronze castings highly 
finished models in clay, which were used with two 
moulding boxes. The moulding material consisted 
of a mixture of clay, graphite, and coal-dust, to 












Fie. 3.—Vertican Section. 

a=Core; 

b=ekin of wax with wax runners, etc.; 

c= pouring hole; 

d=outlet for molten wax. 
which were added fibres of a plant, the Japanese 
name of which is “Karu asu.’’ This mixture was 
made into a thick paste, and the clay model was 
carefully covered with it maintaining all the sharp 
outlines of the original. When one side was covered 
the paste was given time to dry, and then the 
other side was covered in the same way. The 
next step was to saw the clay model with the 
covering paste in two, to bed the two halves in 
clay in moulding boxes, and to remove the clay 
model carefully so as not to break the mould 
formed by the paste. For hollow castings the core 
was prepared on a barrel, if the castings were cir- 
cular in cross section like vases, urns, etc., or it 
was built up, if they were of irregular section, 
like statues, etc. 

The first artist to take a plaster cast from the 
figure to be cast in bronze is stated to have been 
the Greek Myrcn, who lived in the 5th century 
B.c., and has earned universal fame by his 
well-known statue of the “ Disk-thrower.’’ For 
the convenience of easier handling he divided his 
plaster casts into parts and cast separately limbs 
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protruding from the figure, and then put the parts 
together afterwards. He is credited by some 
writers with having used the “ cire-perdue”’ (lost- 
wax) process, but our author does not admit this, 
but agrees with the writers, who state that Myron 
cast his statues in the same way as did the 
Japanese. According to our author the “ lost- 
wax’’ process was introduced by the ancient 
Romans. Broadly speaking, in this process the 
core was built up of clay and was then coated with 
a layer of wax of the thickness of which the metal 
of the casting was to be. The finishing touches 
were put upon the wax by the sculptor, and all 
details could be worked out with great precision 
and with remarkable sharpness; even considerable 
undercutting could be resorted to, which would 
lead to great complications in any other process. 
A study of the statuary found at Herculanum 
fully proves the fact—according to our author— 
that the wax process was already in use in those 
days. If the casting was spoilt the original model 
was, of course, lost, but Benvenuto Cellini got over 
this drawback. by making first a plaster cast of the 
model, which he then covered with wax to which 
he gave all the finishing touches. Thus, in the 




















Fic. 4.—Verticat SEcTION. 
Flasks ready for pouring. 


event of a failure, he had an almost finished 
plaster cast to fall back upon, and all his labour 
was not completely lost. 

Our German author then proceeds to describe 
and illustrate what purports to have been Cellini’s 
method of casting bronze figures. According to 
him a mould is made from the plaster model in 
false cores of each half of the model separately ; 
the false cores were next covered with a thick 
layer of soft clay to keep them together and in 
position. The moulds thus formed were carefully 
removed from the model and their insides 
“painted ”’ with wax. The two halves were then 
put together, and the space inside the wax skin 
filled with a liquid core which solidified. But this 
method at its best would have given a statue with 
an indifferent surface, would have destroyed all 
the fine finish, and eventually the outline of the 
model as it left the sculptor’s hands; moreover, 
it would have given a casting smaller in size than 
the plaster model. It is certainly not the method, 
as described by Cellini himself, in his “Trattato 
della Sculptura,’’ which was briefly as follows :— 
The figure was roughly modelled in clay, rather 
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smaller in size than the finished bronze statue. 
All over this a skin of wax was laid and worked 
by the sculptor with modelling tools to the required 
form and finish. A mixture of small broken brick, 
clay, and ashes;was then ground fine and mixed 
with water to the consistency of thick paint, suc- 
cessive coats of which were then applied with a 
brush to the wax skin till a second skin was 
formed fitting closely into every crevice and line of 
the wax-coating. Soft clay was then carefully laid 
all over of considerable thickness to strengthen the 
mould till the statue with its covering looked like 
a shapeless mass of clay. This was next bound 
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Fic. 5.—Sanp Process. 


The figure is bedded in the lower flask and 
partly covered with false cores. 


with iron hoops, and the whole mass was allowed 
to dry thoroughly. In due course it was placed in 
a hot oven to bake the clay both of the core and 
of the mould, and to melt the wax, which was 
allowed to run out through small holes specially 
made for the purpose. Thus a void was left corre- 
sponding in thickness to the layer of wax between 
the core and the mould, the relative positions of 
which were preserved by small bronze pins, which 
had previously been driven through the two skins 
(the brick-clay-ash coating and the wax). The 
mould was now ready and the molten bronze was 
poured in till it completely filled the void left by 
the “lost wax” between the core and the mould. 
After the casting being allowed to cool slowly, the 
mould was broken away and the core broken up 
and raked out through a hole in the foot or other 
part of the statue. The projecting ends of the 
small bronze pins were cut off and the whole sur- 
face of the statue was cleaned and polished, and 
all rough or defective places made good. 

Our German author next proceeds to describe 
the process of casting bronze statuary in sand 
moulds with false cores as it was practised in Ger- 
many until Gladenbeck, in the ‘eighties and ’nine- 
ties reintroduced the wax process side by side 
with the sand process. When the Kaiser 
William II. returned from his tour in Italy, and 
gave the well-known artist, Professor Reinhold 
Begas, an order to produce a public monument for 
Berlin of the same artistic merit as those he had 
seen in Rome, the famous sculptor modelled the 
splendid public fountain on the Schlossplatz, with 
such fine details in the foliage, the bodies of the 
animals, Tritons, etc., that the foundries were 
obliged to confess that they would not be able to 
produce the model in bronze by the sand and false 
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core process. Hence this as well as some other 
public statuary in bronze were ultimately repro- 
duced by the wax process, among them many parts 
of the fine monument of William the Great in 
Berlin, such as the realistic lions with war trophies 
at the four corners, the four genii, and parts of 
the equestrian statue of the old Emperor 
William I. Other parts of the monument. as the 
large statues representing peace and war, were 
cast in sand. In the modern wax process a mould 
is made in gelatine from the plaster model, and 
the making of this and the whole process of casting 
the bronze figure is described by our German 
author, but so briefly that his description would 

















Fie. 6.—Sanp Process, VERTICAL SECTION. 


a=Core. 

b=Bedding material. 
be of little use. The whole process has been de- 
scribed in English in great detail by Mr. Albert 
Toft, in his “ Modelling and Sculpture,” giving a 
full account of the various methods and processes 
employed in these arts. The book was published 
by Messrs. Seeley & Company, Limited (of 38, 
Great Russell Street, London, W.C.), in 1911. 





Fic. 7.—Sanp Process, Horrzontat Section. 
a=Core peees down to give the neces- 
sary thickness of metal and suspended. 
b=Falee cores. c=Bedding material. 
d=Runners and gates. e= Vent. 


We preproduce seven of the author's illustra- 
tions, which are self-explanatory. Judging by the 
positions of the pouring hole, vents, and the core 
carriers, however, Fig. 7 does not seem to repre- 
sent the work as finished for the recumbent figure. 
As a matter of fact the hot gases are expected to 
rise at right angles to the direction of gravity. 
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The Use of X-Rays in Metallurgy. 





At a joint meeting of the Faraday Society and the 
Réntgen Society, held in London recently, a general 
discussion was held on the subject of ‘‘ The Ex- 
amination of Materials by X-Rays.’”’ Papers were 
submitted bearing upon the subject, abstracts of which 
are appended. 


Researches into the Industrial X-Ray Examina- 
tion of Metals at the Laboratories of Messrs. 
Schneider, Le Creusot. 


In a contribution bearing this title, M. E. 
ScunewrrR (President of the Iron and Steel Insti- 
tute) said that the apparatus used at the Creusot 
Works was the standard type of plant manufactured 
by Messrs. H. Pilon, who were the licensees for the 
Coolidge Tube in France. The following was a sum- 
mary of the results obtained since the plant was in- 
stalled :—(a) Researches into segregation and blow- 
holes. influence of aluminium on cast steel. (6) 
Examination of steels containing different percentages 
of tungsten. (c) Examination of compound metals. 

(a) The method was first of all applied to the in- 
vestigaticn of blow-holes in cast Bog Steel plates 
(railway fishplates 23 mm. thick) were cast in sand 
moulds without any special "aap pas being taken. The 
photographs showed a number of white spots, each of 
which represented a blow-hole. Two fishplates exhibited 
very different forms of blow-holes. In one they were 
near the surface and stretched out in a direction per- 
pendicular to the walls of the mould. In the other 
the blow-holes were central and very large in volume. 
Radiographs were also taken of two fishplates made 
at the same time as the others, with steel from the 
same cast, in moulds made from the same sand and 
dried under the same conditions. But at the moment 
of casting the plates, 37.5 grammes of aluminium for 
each kilogramme of steel was added in the case of one, 
and 75 grammes per 100 kilogrammes weight of steel 
in the case of the other. The two photographs showed 
a diminution in the number and size of the blow-holes 
when the quantity of aluminium added on casting was 
increased, and also showed clearly the action of this 
metal in. deoxidising the molten steel. By radiograph- 
ing test pieces containing increasing quantities of 
aluminium it should thus be possible to determine, for 
@ given casting, the minimum quantity of aluminium 
to be added to eliminate central blow-holes. 

In the case of a cast-steel bracket of a gun wagon, 
the radiograph showed a _ clearly defined blow-hole 
which compromised the solidity and strength of the 
bracket. This blow-hole was due to defective casting. 
By changing the method of casting, brackets were 
obtained in which this blow-hole was not present. 

When a steel casting was made, and it was desired 
to ascertain whether blow-holes formed in the metal 
when cold, a smal) piece of extra metal about 20 to 
30 mm. thick was cast in one with the main casting, 
this extra piece being examined under the X-rays. 
When a new casting was being made in which, owing 
to the method of casting adopted, there was reason to 
suspect the existence of a defect at a particular point, 
this particular part was radiographed to ascertain 
whether the metal was sound. This might lead to a 
change being made in the method of casting. Unfor- 
tunately, there were limitations to this method, owing 
to the lack of penetration of the X-rays. It wae not 
possible to penetrate a thickness of more than 45 mm. 
of ordinary steel, and even for this thickness the time 
of exposure was considerable. 

(6) As regards tool steel, when the percentage of 
tungsten (which is of high atomic weight, viz., 182) 
was high, the plates were not so eable to the 
X-rays as when this percentage was low. When suit 
able illumination was employed these differences 
showed up much more clearly on the negatives than on 


the positives. Thus three carbon steels, containing 0.6, 
0.9, and 1.15 per cent of carbon tively, gave a 
radiograph in which were clearly observable the differ- 
ences in opacity ne ge te to these percentages. 
It would appear ible, then, to apply radiography 
for the purpose of a rapid analysis in particular cases. 
If, for instance, carbon steel bars had been mixed up 
inadvertently with tungsten steel bars, they could be 
sorted out speedily by radiography. 

In stating his conclusions, the author said that in 
the present state of our knowledge of X-rays and their 
production, the application of Fogger nage ap or | en- 
abled a visual examination to be made of ordinary 
steels, provided their thickness did not exceed 40 to 
45 mm. This limiting thickness was reduced when the 
steel contained at least one constituent of higher atomic 
weight. It would be of inestimable value in metal- 
lurgy if ingots of 20 cm. thickness and upwards could 
be radiographed ; but unfortunately we had nof yet 
reached that stage. 


X-Ray Examination as Applied to the 
Metallurgy of Steel. 

A contribution by Sm Rosert Haprietp, Barr., 
Mr. S. A. Mar, B.Sc., and Mr. J. Brooxspanx, 
B.Sc., was in the following terms :— 

(1) The possibilities of X-ray examination in steel 
manufacture will be readily apparent. The means 
which it provides for enabling the metallurgist to see 
the interior of steel castings and forgings, and thus 
to diagnose and localise the diseases to which steel is 
subject, must prove of considerable benefit. 

(2) The chief difficulty hitherto has been the limited 
thickness of metal which could be penetrated, but con- 
siderable strides have been made within the last year 
or two in this direction. Thicknesses up to 4 in. are 
now said to have been successfully radiographed. 

' (3) It is obvious that to be of service it must bd 
possible to examine articles of a practical size ; other- 
wise the chief advantage of such a method of examina- 
tion is lost, namely, its non-destructive character. A 
few years ago, and even now with the larger articles, 
it was necessary im order to examine a casting to cut 
out a section to obtain a radiograph, thus destroyin 

the article for practical purposes. ile this coved 
its purpose for research examination, it still left the 
wider application, that is, for inspection of articles 
intended for service, untouched. he advantages of 
applying the method to the routine examination of 
special steel castings and forgings in the course of their 
manufacture, to ensure their being thoroughly sound, 
will be at once apparent, 

(4) X-ray examination need not necessarily be con- 
fined to the steel products themselves, but also to 
materials used by the steel manufacturer; another 
application which suggests itself is the examination of 
welds. 

(5) The question of internal defects has always been 
a bugbear. In the case of an habitual tendency, such 
as the well-known “ pipe”’ in ingots, this usually re- 
‘produces itself under similar conditions of manufac- 
ture, and can be controlled by the cutting up and ex- 
amination of an individual ingot out of a lot, this 
forming a criterion of the whole. Many of the defecte 
met with are, however, of a casual nature, and the 
use of X-rays will help in these cases by individual 
examination and elimination of the defective articles. 

(6) Apart from the mere detection of defects, it is 
a distinct advantage to have these defects visualised 
to the eye, and the perspective view presented by a 
stereoscopic radiograph carries much more information 
to the mind as to the nature of the defect than the 
alternative method of fracturing the article through 
‘the defect, which only presents a sectional view. _ 

(7) The routine operation of X-ray examination will 
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be much facilitated if the necessity for photographin 
can be avoided ; that is, if articles may be examine 
by the use of a fluorescent screen. This would ve 
much increase the rate of examination and, after all, 
in inspection work, the majority of the articles are 
expected to be free from defects, and, therefore, no 
permanent record is required. In those cases where a 
permanent record is required, the particular articles 
may, of course, be put on one side for the purpose. 

((8) A further point is that of expense. Present 
apparatus for the purpose is costly and delicate, and 
its operation of a rather expert nature to be applied 
to routine purposes. 

(9) It must be borne in mind that in the present 
state of the science, X-ray examination does not magnify 
defects, so that its utility is limited to those defects 
which are of a size within the visibility of the naked 
eye. Many of the defects in steel arise from micro- 
scopic causes, and these must still rely for their eluci- 
dation on the valuable work covered by micrography. 

(10) Quite apart from the question of defects in 
steel is the very valuable field in theoretical metal- 
Jurgy, opened up by Professor :W. H. Bragg and fol- 
lowed with great ability by Professor A. W. Hull, 
applied. to the atomic and crystalline structure of 
metals. Whilst this subject is rather a matter for the 
research laboratory, it should eventually give positive 
evidence on vexed questions concerned with the atomic 
structure, such, for example, as allotrophy, on which, 
hitherto, it has only been possible to theorise. 

/11) A still further application for X-rays in metal- 
lurgy, which may perhaps be mentioned, is the analysis 
of steels. Chemical methods are so well established, 
and on the whole so satisfactory, that X-ray examina- 
tion can hardly take their place. Still, the subject is 
one which may well be worked upon both for its own 
sake and the additional view-point which is provides 
as to the constitution of steels. 


Radiographic Examination of Carbon Electrodes 
Used in Electric Steel Making Furnaces. 


Sin Rosert Haprretp, Bart., in a contribution 
under this heading, said that, in view of the troubfe 
experienced with electrodes in electric steel-making 
furnaces, due to various causes, but principally to 
fracture in use or in handling, it was thought radio- 
graphic examination might help to show internal 
causes accounting for their behaviour. These elec- 
trodes varied in size up to no less than 20 in. in 
diameter, and a great deal depended on their good 
behaviour in service. Fracture, if the broken end of 
the electrode fell into the steel bath, might be disas- 
trous to a whole cast of steel, and, in any case, gave 
rise to delays which were objectionable both on the 
score of consumption of electric power and difficulty in 
controlling the changing composition of the steel. 

These carbon electrodes, continued the author, are 
of two kinds—namely, those known as amorphous, and 
graphite electrodes. The former give most trouble, 
and, being also more heterogeneous in structure than 
graphite electrodes, are more suitable for radiographic 
examination. The data in this paper, therefore, refer 
more particularly to these amorphous electrodes, 
though specimens of graphite electrodes are. also in- 
cluded. ie method ‘~ which amorphous electrodes 
are produced is roughly as follows, though in detail 
it is naturally more complicated. A highly carbona- 
ceous Material, such as retort carbon, anthracite or 
petroleum coke, or mixture of these, is crushed and 
mixed with binders such as pitch and tar. The plastic 
mixture is then moulded under pressure, either in 
cylindrical containers or by extrusion, and the 
moulded electrodes baked mto a solid mass in furnaces 
under conditions which prevent oxidation. A number 
of electrodes obtained from different makers were 
therefore selected for examination. As an indication 
of the general puritv of the specimens, the amount of 
ash residue after combustion was determined. 
Measurements were also made of the specific gravity, 
both apparent and real, the relative values of the 








two giving the porosity, and a record taken of the 
general character of the specimens. These data are 
iven in Tuble I. Transverse sections were cut from 

ese electrodes, the sections being 1 in. in thickness. 
These were seut to Messrs. H. W. Cox & Company, 
159, Great Portland Street, London, W., who radio- 
graphed them and prepared stereoscopic negatives. 
In the first set of radiographs the specimens were 




















Taste I. 
Analysis. Specific gravity. 
Diam- Porosity. 
eter. Carbon | 
Ash, (by diff.) Actual. Apparent. 
In. | Per cent. | Per cent. Per cent. 
1st.| Set 
A 14 5.2 94.8 2.22 A7 33.8 
B 18 4.2 95.8 1.80 1.59 11.5 
Cc 18 15.8 84.2 1.79 1.59 11.0 
D 18 3.4 96.6 2.09 1.61 22.9 
2nd |Set 
E 14 | 3.2 96.8 2.07 1.59 23.1 
F 163) 4.5 95.5 1.71 1.65 | 3.5 
G 17 | 4.7 95.3 1.92 1.55 19.5 
H 20 | 4.4 95.6 2.19 1.62 26.1 














A ones ground mass containing rather small lumps of an- 


. } Coked ground mass containing dull rather coarse lumps like 
ars Coked ground mass containing rather small lumps of anthracite 

4 = o but larger lumps of anthracite. 

F ame | ‘small shiny grains, not much ground mass visible. 

G Coked ground mass, moderately coarse lumps of anthracite. 

H Anthracite very small in size and amount. 
exposed by themselves, tut for the second set small 
boxes of some of the materials used in electrode manu- 
facture, such as retort carbon, pitch and anthracite, 
were included with the object A identifying the cha- 
racter of the grains seen in the electrode sections. 
Positive plates were printed by contact from the nega- 
tives, and examined in an X-ray stereoscope made at 
the Hecla Works of MHadfields, Limited. These 
showed in a very clear manner the structure of the 
various electrodes so far as it was rendered visible by 
the X-rays, and in a much clearer manner than was 
possible in photographic reproductions. It cannot be 
said, however, that much further light is thrown on 
the béhavionr of electrodes as the result of the radio- 
—— examination of this miscellaneous selection. 

mparison of the structure with the behaviour of 

these electrodes in service shows that coarse struc- 
ture is apparently not detrimental to good behaviour 
(that is, freedom trom fracture in service), as the best 
electrode. ‘‘C”’ in this respect has certainly a very 
coarse structure, while at the same time the worst, 
‘* H,” also has a coarse structure. The specimen with 
the finest structure, “F,”’ is of only average quality. 

Two specimens taken from graphite electrodes were 
included. These gave perfectly structureless radio- 
graphs, rg 9 a crack showed up very clearly. 

Probably the best nse of radiographic examination 
might be made in connection with systematic experi- 
ments on electrode manufacture, where variations of 
composition, baking temperature, etc., wouid be car- 
ried out step by step. It is possible that differences 
in structure might then be traced in the various radio- 
graphs obtained and connected with the variations in 
manufacture. The peculiar character of certain grains 
might, for example, be explained. From the appear- 
ance of these grains it would seem that they are in 
process of assimilation into the matrix of the elec- 
trode, and, if this 1s the case, such a systematic 
research would no doubt show this assimilation in pro- 
gressive stages. It may be added that this radiogra- 
phic examination of the carbon electrodes proved of 
a service to Messrs. Hadfields, Limited, 

effield. 


Detection of Hair Cracks in Steel by X-Rays. 


In a note under this heading, Lreut.-Cotonext C. F. 
JENKIN said that considerable claims had recently. 
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been made for X-rays as detectors of hidden flaws in 
atecl. The only flaws agers | ich he was 
interested were the hair cracks which had given con- 
siderable trouble in aero-engine crank shafts, and 
there seemed uo likelihood that X-rays could reveal 
them, but he was persuaded to test the matter prac- 
tically. Sampies were examined by the X-ray appa- 
ratus by the experts who were pushing the process. 
They were pieces cut from crank-shafts with large and 
relatively viens flaws, but no trace of defects was 


shown by the X-rays. Une sample, about 2 cm. thick,. 


was cracked right through the thickness for a length 
of about 6 can., but there was no evidence of the 

in the radiograph. If such large flaws could not be 
detected, it was obvious that the method was useless 
for finding hai: cracks. 


Discussion. 

In the general discussion which followed, Dr. C. A. 
Epwarps (Manchester University) drew attention to 
the very great bearing which this work would have 
upon the future of all a 

Captain Jackson (Admiralty Inspector of Steel in 
Sheffield) said the application of X-rays would enable 
them to check viediber there were internal flaws 
in the material without it being necessary to keep any 
permanent record of the observations, except in cases 
of defect or suspicion of defect. He almost hoped that 
they would be able to determine whether there were 
flaws by merely passing the material before some form 
of screen, and, by the shadow on the other side, to 
reject or pass it straight nowy One of the troubles 
with heavy gun forgings was the question of small de- 
fects in the steel, particularly nickel-chrome steel. With 
this steel there were typical flaws which did not always 
appear on the surface. Perhaps it was found that in 
turning a gun forging certain flaws appeared. With 
further turning they disappeared, but other flaws made 
their appearance. When they came to the finished 
gun forging, perhaps there were no visible flaws, and 
then the inspectors had to make up their minds whether 
there were any flaws in the forging or not. As they 
could not see any, they had to say there were none. 
In order, however, to accept forgings under these con- 
ditions, and so as not to run any risk in doing so, it 
was necessary to have a large margin of safety in the 
design, whereas, if they could be perfectly certain that 
there were no flaws, that margin could be reduced. 
Conseqeuntly, if X-ray examination could be developed 
so that it was possible to thoroughly examine thick 
steel forgings to ascertain whether there were any flaws 
in them or not, it would be of great practical advantage 
in the development of ordnance. There was another 
direction in which such a method would be valuable. 
During the times of pressure through which we had 
recently passed, the assembling and inspection of fuses 
had to be carried on with great rapidity, and there was 
always the possibility of important components being 
left out. In two particular instances which came under 
his notice it was wanted to know whether components 
had been omitted from certain fuses, and X-ray exam- 
ination would have enabled him to have examined the 
fuses without the trouble of having them taken to pieces 
to find out, and then having to reassemble them again. 

Mr. 8. A. Potxock (representing the Postmaster- 
General) said that the Post Office twenty years ago ap- 
preciated the possibility of using X-rays for the ex- 
amination of soft materials—for instance, gutta-percha 
for submarine cables. X-ray examination had been 
used with great success. He was vf course referring to 
the old-fashioned method of examining euch materials 
by means of X-ravs. The Post Office had not yet used 
the method for examining steels, which was a new de- 
velopment. It was sometimes found that after a lead- 
sheathed cable had been in the ground for two or three 
years—and such cables often involved a capital ex- 
penditure of £100,000—the lead was found to be defec- 
tive. owing either to the effects of expansion or con- 
traction. The sheath was found to have opened, and 


the cable had to be drawn out and replaced. Metallo- 


raphy had been found very useful in detecting such 

efects before the cable was laid. The temperature of 
the lead in tae press was often responsible for failure. 
The Post Office was also very much jnterested in ascer- 
taining why stainless steel resisted oxidation, and 
whether it would resist nitric acid and hydrochloric 
acid. They would like to know whether X-ray ex- 
amination would show the reasons for this non-corrodi- 
bility, because this matter was of very great importance 
in the manufacture of submarine cables. A submarine 
cable with ordinary material had been reckoned as hav- 
ing a life of 20 years, this being fixed by the corrosion 
of the sheath. He was also interested in the power 
required to examine thick castings of metal or metal 
made in large forms. It seemed a very remarkable 
thing that there should be penetration through such 
thicknesses, and showing relatively small defects. 


Beehive v. Patent Coke. 


The question of which is the best class of coke for 
use in the iron and steel industry was among those 
discussed at the recent meeting of the Midland Sec- 
tion of the Coke Oven Managers’ Association, held at 
— 

Mr. T. B. Smrrn (Stocksbridge) said the firm with 
which he was connected had crucible steel works 
as well as coke ovens. The coke produced in their 
patent ovens was quite as hard, as good in appearance, 
and as low in sulphur as the coke which the firm 
obtained from beehive plants, yet they could not use 
the former on account of its shape. e beehive coke 
was in the form of long needles, and could be got into 
the crucibles far more easily than lumps of patent 
coke, which were generally of a cubic form. e did 
not think the patent ovens would ever overcome this 
difficulty. Owing to the increased production of open- 
hearth steel, the demand for coke for crucible steel 
was not so great as it had been formerly. 

Mr. C. P. Frsn (Hemsworth) said he did not think 
it was strictly correct to speak of the preference of 
iron smelters for beehive coke. He should say that 
very few blast furnaces were using that class of coke, 
unless they were older plants, working cold blast. In 
crucible steel melting, however, the preference for 
beehive did exist among certain melters or melting 
firms. It was due partly to the high quality of some 
of the beehive coke supplied, which was better than 
the majority of patent cokes. To satisfy the people 
who were genuinely out to try if they could use patent 
coke, they must produce a material which was low in 
sulphur and ash, and which did not fuse or clinker 
at the temperature of the furnaces. Another point 
was the texture of the coke. The texture of patent 
coke, especially of that made by stamping, was too 
dense for most furnaces where steel was melted in 
crucibles. There was no doubt that, if care were 
exercised in selecting coke of a suitable texture, 
patent coke could be used for steel-melting just as 
well as beehive. 











STELLITE.—The “ Revue de Métallurgie ” publishes 
an interesting article on “‘Stellite,”’ by L. Guillet and 
H. Godfroid. This alloy was discovered in 1899 by Mr. 
Haynes, and its use for cutting tools is becoming wide- 
spread, notwithstanding its high price. It is a complex 
alloy of carbon, cobalt, chromium, tungsten, and some- 
times molybdenum. Stellite containing more than 10 
per cent. chromium is very hard and is filed only with 
difficulty. The two French investizators draw the con- 
clusion that stellite is a most interesting alloy in that 
it may be used without any special treatment, and 
even under these conditions gives better results than 
the best high speed steels actually on the market, at 
least used on the materials mentioned (medium carbon 
steel, quenched and tempered, and on grey cast-iron). 
It has, however, the inconveniences of being hetero- 
geneous, and the results obtained are not always con- 
stant. 
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In his recent series of lectures on refractories, de- 
livered at Newcastle, Dk. Mutton gave utterance to 
many suggestive and valuable observations, some ot 
the more interesting of which are included in the fol- 
lowing :— 

The composition of fireclay may be represented by 
the ordinary ultimate analysis, "a Oe so-caled ra- 


tional analysis, or by a formula. e first of these is 
obtained by the ordinary processes of chemical analy- 
sis, the second is obtained by special procedure which 
is less rational than the name implies, or better by 
calculation from the ultimate analysis, and the third 
is also derived from the ultimate analysis. The chief 
interest in representing clays by formule is connected 
with attempts, like that of Ludwig, to establish rela- 
tions between composition and refractoriness (or ite 
converse, fusibility). For this purpose Ludwig took 
the alumina in the clay as the unit, and expressed the 
silica and the fluxing oxides in nding mole- 
cular proportions. By treating the higher Seger cone 
‘compositions in the same way, marking the molecular 
proportions (taking the alumina as unity) of silica as 
abscisse, and the total fluxing oxides as ordinates 
{along the first upright line), and then connecting the 
corresponding pointe for each cone by an oblique 
straight line, a series of isotectic lines for the fusion 
of fireclays, is obtained.: A clay, of which the com- 

ition can be expressed by a similar formula, can 
I, saeueated by a point on the diagram, and its 
position relative to the isotectic lines of the cones, 
should indicate its fusibility. On account of the 
assumptions necessarily involved in the application 
of Ludwig’s chart, Dr. Mellor, like most other com- 
petent scientific investigators and thinkers, he'd at the 
outset a poor opinion of it. But he was somewhat 
surprised to find that on putting nearly 70 British 
clays to the test, only about three of them failed to 
agree with observation. This is the more remarkable 
oben it is remembered that by excessively fine grind- 
ing the refractoriness of a clay can be lowered two or 
even more cones, but as so large a rtion of the 
clays fit in with the scheme, the deviations of natural 
clays from the average grain size ate evidently not 
great enough to affect the result, at any rate so far as 
high-grade clays are concerned. The arguments are 
not applicable with low-grade clays. 

For mixtures of three different substances, the pro- 
portions of all of which may vary, the softening tem- 
peratures (or fusing points, if they have definite fus- 
ing points) may be represented in a somewhat similar 
manner on a triangular chart—as, for instance, ternary 
mixtures of clay, felspar, and quartz. 

Clays which have not been washed—and few fire- 
clays are ever washed—have a grain-size which is 
-determined largely by the non-argillaceous constituents. 
A well weathered clay apparently has its particles 
separated by films of water. rdinarily the hard 
clays are ground, and the particles always remain in 
lumps of a size depending on the manner of grinding. 
The lumps are known as knaps, and are clots or aggre- 
gates of the finer grains of clay. Their subsequent 
behaviour in the brick is similar to that of badly-fired 
grog. The clay is not doing its best work when it is 
ground. The knaps are gradually broken down by 
water when the clay is left to stand for a few weeks 
in a wet state. Clays prepared in this way are easily 
moulded and worked, but they do not drv satisfac- 
‘torily owing to unavoidable inequalities. To facilitate 
reas*nably ranid drving of plastic clays, a non-plastic. 
opening material is therefore added, usually grog, and 
the crain size of the grog should be adapted to the 
special purnose of the refractory. 

To cet the soundest and best possible fireclay brick 
of a given texture, it is necessary to use grog which 
‘has attained its maximum shrinkage, and to take out 


Recent Developments in Refractories. 





of the bricks during the burning over 99 per cent. 
of the possible fire shrinkage. A practical test for 
finding 1f a brick has been adequately fired is to heat 
one half of a brick in a furnace in which similar 
bricks are used, and then to compare the result with 
the half which has not been refired. In, the standard 
test the brick is heated for a specified time at a speci- 
fied temperature, and condemned if the after-contrac- 
tion exceeds the specified minimum. The effect of the 
gas engineer’s specification on commercial bricks has 
been to lower the average after contraction from 
about 2 to about % per cent. 

Alumina, when heated, has its specific gravity in- 
creased from about 2.8 at 600 deg. to about 3.9 at 
1,200 deg. C., with corresponding contraction of nearly 
30 per cent. The change is an exotherma! reaction, 
heat being evolved after the temperature has been 
raised to about 1,000 deg. C. Much the same thing 
happens on heating bauxite, which consists mainly of 
alumina with various proportions of iron oxide, titanic 
oxide, silica, etc. e tremendous contraction of 
bauxite or alumina bricks presents serious difficulty to 
manufacturers, the products being liable to crack and 
become distorted, and under ordinary firing conditions 
it is not easy to ensure completion of the reaction. 
The subsequent contraction of inadequately shrunk 
bauxite or alumina firebricks has so often been at- 
tended with serious results that such bricks have been 
condemned by both maker and user, and in fact they 
have never had a fair chance to show their capabilities. 
When bauxite is thoroughly shrunk by previous fusion, 
as in electric furnaces, excellent refractories can be 
made of it, but they are expensive. In France, fused 
bauxite is said to be produced economically by the 
Lecesne process, its trade name being corindite. 

Magnesia is also changed by heat into a form which 
has a higher specific gravity, and the presence of fer- 
tic oxide is known to accelerate this change. There is 
evidence that the presence of iron oxide in a certain 
form can hasten the converse change on heating quartz 
to produce a low specific gravity form of silica, so 
that in manufacturing silica bricks there may be in- 
stead of 30 per cent. conversion, perhaps 60 per cent. 
conversion. Some excellent bricks were made in South 
Wales with silica rock containing 5 per cent. of fer- 
ric oxide, and one furnace manager declared they were 
the best he ever had. 

Dr. Mellor has met with silica bricks made with a 
little carbonaceons clay in which, contrary to ordinary 
experience, the conversion had proceeded faster in the 
interior than on the exterior. 

As regards bonding materia] for silica bricks, Dr. 
Mellor prefers a highly plastic and tenacious clay 
bond rather than a lime bond, though the latter is 
probably more generally used. 

Fine grinding facilitates the subsequent conversion 
of quartz into a low snecific gravity form of silica. 
The conversion apparently proceeds inwards from the 
surface of each grain, as well as of the brick as a 
whole. The finer the grain the greater the proportion 
of bond. and as the bond is the weakest part of a 
silica brick in actual use, the advantage of rapid con- 
version is opposed by the disadvantage of greater 
bonded surface. 

For resisting the corrosive and ontting action of 
slags, the texture of a refractory must be as fine- 
grained as practicable. Dust impinging on brickwork 
exerts both erosive and corrosive action. The nene- 
tration of firebricks by some dusts is curious. With 
dusts of oxides of iron, copper, and zinc in a reduc- 
fing atmosphere, the penetration may amount to am 
inch in about two hours. Some evidence has been 
obtained of volatilisation of these metals at astonish- 
ingly low temperatures—copper at 600 deg., iron at 
1.100 deg. C.—and Dr. Mellor believes the metale 
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penetrate the refractory as vapours. Here, also, a 
fine-grained texture is best for resisting penetration, 
as well as attack by the dust. 

Such volatilisation may possibly have some bearing 
on certain not well understood metallurgical reactions. 

Ferruginous dusts in reducing atmospheres are char- 
oeasiant by rapid slagging of silica or fireclay refrac- 
tories. Thug a steady wr of slag takes place on the 
bottoms of retorts heated by producer gas from a coal 
with ferruginous ash. 

In the case of salty coals, salt vapour rapidly at- 
tacks both silica and fireclay refractories. The same 
reaction is made use of for salt-glazing drain pipes, 
etc. Experience indicates that bricks having a mole- 
cular ratio alumina to silica less than 1: 3.5 give the 
best results, as in the case of a d resister contain- 
ing 63 per cent. silica (63=60=1.05) and 30 per cent. 
alumina (30+ 103=0.29). 

A minor point elucidated was the desirability of 
mixing wet grog rather than dry grog with wet clay, 
the wet erry comming to get a better grip of the other 
materials. en wet clay is dabbed on a dry plaster 
slab, a film of dried clay is soon formed in contact 
with the plaster, and the clay drops off; if the plaster 
slab be wet, no dried film is formed, and the clay 
sticks fast. The behaviour of wet and dry grog is 
similar. This later affects the tensile otrenath, the 
crushing strength, and contraction of the brick, all 
im favour of soaked grog. 

Materials of a porous open texture are usually em- 
ployed for withstanding abrupt changes of tempera- 
ture, subject to the necessity of preserving sufficient 
toughness, as in the case of muffies, muffle quarries, 
zinc retorts, gas retorts, etc. The necessity of limit- 
ing the permeability to gases also tends to restrict 
porosity. The low thermal conductivity of highly 
porous materials also makes a porous structure un- 
suitable for low-temperature muffles and retorts. , 
Mellor, however, holds the somewhat unorthodox view 
that at high furnace temperatures a highly porous 
structure favours the conductivity of heat. He con- 
siders that the effects of radiation and convection 
across the pore spaces are by no means negligible, but 
the question can only be settled by observation. Work 
én this direction was well in hand before the war, but 
had to be suspended. It has now been resumed, and 
it is hoped to attain decisive results before long. The 
point is of great importance in heat engineering. 

The consumer of refractories has to consider care- 
fully the prevailing conditions in the different parts of 
furnaces, 80 as to select the most suitable firebricks 
for the several parts. Thus in the lining of a blast 
furnace, the bricks near the top, though not exposed 
to very high temperatures, have to withstand abra- 
sion, impact, an — of temperature. These 
bricks are liable to spalling and integration, due 
(it is supposed) to deposition of carbon formed by re- 
actions between furnace gases and iron oxide in the 
bricks, especially when the iron oxide occurs in 
nodules or patches. The bricks should not only be 
uniform, but close and compact, such bricks being 
usually tough and less permeable to gases. The tem- 
perature increases in descending the furnace. The 
apper parts of the lining normally receive some pro- 
tection from a surface film of carbon, but friction of 
the descending charge and impact of fine solid par- 
ticles driven by the blast may produce erosion. The 
bricke in the mid zone are exposed to the slag- 
ging effects of salt particles and other basic fluxes 
from the coke, etc., but there are no abrupt tempera- 
ture changes, so a close-textured compact brick is de- 
sirable for this region. The conditions prevailing in 
the hearth and bosh need very special bricks to with- 
etand high temperature, the scouring action of highly 
basic molten slag, and a rather heavy load; the 
volume changes should be small and the joints par- 
ticularly good, since the bricks must be tight with- 
out leakage; there.is comparatively little abrasion. 
The stove bricks should have a high thermal capa- 
city, so as to absorb and give up again as much heat 
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as possible, and they should withstand the sand-blast- 
ing action of flue dust. 

be specific heat of a increases rapidly with 
rise of temperature, so that in a temperature ¢ deg. up 
to 1,300 deg., the specific heat is 0.193 4 00006 ip 





Moulding Large Pan or Dish Open 
Sand. 


By C. Thomas. 

The sketches show how a large pan or dish with 
bevel sides and ends may be made open sand. 
Sketches Figs. 2 and 3 are part plan and section of 
the casting required. Sketch Fig. 1 shows the pat- 
tern. This pattern is made in seven pieces, com- 
prising one side-piece, two ends and four corner 
pieces. The corner pieces are made to take up 
three or four inches of the sides and ends. 

The sketch at A shows a frame on which are 
screwed four bevel pieces of wood marked B. This 
frame is used to set the several pieces of pattern 
in the sand. The side and ends have, at an 
equal distance from each end, wood pegs project- 
ing, and the frame has holes in it to correspond. 
To mould the pattern, the side-piece and one end 
are placed in the sand, and the frame with the 
bevel pieces attached placed over the pegs. The 
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side and end are now rammed up on the inside 
to the bevel blocks on the frame. The corner 
piece is placed in position and rammed on the 
outside up to the end and side. 

The other end is put in the sand and the frame 
placed on the pegs at this end of the tray. This 
end is served exactly the same as the other. We 
have now one side, two ends and two corner 
pieces in their correct position. The frame being 
removed the side and two corner pieces are rammed 
to the top both inside and outside, and the thick- 
ness of the bottom strickled about half-way across 
by means of a strickle worked on each end. 

The side piece is now drawn from the sand and 
placed in the sand on the opposite side, the frame 
again being used on this side to determine the 
correct position and bevel. The two remaining 
corners are put in, the frame removed, and the 
side corners and ends rammed to the top. After 
the other half of the bottom has been strickled, the 
side and ends are drawn from the sand, the corner 
pieces being left until the last. Any provision 
that is required for lifting purposes may be put on 
the sides by means of placing a separate core con- 
taining this up to the side when ramming up. 
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Notes on Cupola Practice.* 





By J. Bacuey. 


Of all the plant of the iron foundry the cupola 
holds the position of first importance, as the 
success of the whole works depends upon the suc- 
cessful working of its cupola. Despite its many 
drawbacks, the rapidity with which it can be 
lighted up and heated up to melting point, the 
readiness with which it can be repaired, together 
with its low cost of maintenance and the 
ease with which fair commercial results can be 
obtained, have contributed to maintain it in the 
position it still holds as the most important means 
in use for melting iron. Before anyone can 
expect to obtain satisfactory results from his 
cupola he must be in entire agreement with the 
theory of its designer. Several theories have been 
put forward with good results, but each one is 
seeking the same end—namely, to obtain the 
maximum heat from the combustion of the fuel 
in the minimum of time with little or no change 
in the composition of the resultant metal. 

The construction of a cupola appears simple, 
yet its several dimensions must be related one to 
the other if economy is to be secured. When 
installing a cupola the questions to be answered 
are:—(1) How much metal will be required to 
be melted each blow or each day? (2) How many 
ewts. or tons of metal will be required per hour? 
(3) What size of cupola shall be installed? 

Of course, one in excess of requirements is always 
advisable, because if the full capacity is not 
needed at once it can be lined up to the capacity 
to suit requirements. It is claimed by some writers 
that cupolas of the following diameters, melting 
continuously for three or more hours, will melt at 
an average rate of :— 


Per hour. Diameter in 
Tons. Cwts. Inches. 
ae oe a wil re ae 
: a ere Awe 33 Sani sok 
os od cats i i oe 
ee ae Fe a hes =e 
ioe Le gen ee: me os 
g - ia hoa sab ie 
ia) ae 7 sii ve a ae 
ae... RSS on ey a ae 
14 15 66 


There have been many tables given which do not 
agree with this; but I think that when the cupola 
diameter was measured, it has been measured at the 
tuyers; and it is never stated whether the size is 
a of the full time of the blow or only for a 
period. The above figures are the average of a 
four-hour blow, and the cupola was measured at 
a point between the top of the tuyeres and 4 ft. 
above. The cupoa in ordinary use is in its essen- 
tials a blast furnace on a small scale, air being 
supplied by a blower or a fan, and consists of a 
boiler-plate shell 3-16 to §-of an inch thick, and 
single-riveted, resting on a cast-iron base plate, 
which is supported on a brick or concrete platform 
of convenient height for filling the ladles. 

The breast plate (if solid bottom), tapping hole, 
and charging door are cut out and strengthened, 


* Read before the Lancashire Branch of the British Foundry- 
men's Association, April 5, 1919. 





a strong flange is riveed on the botton, and a few 
tiers of angle-iron are riveted inside to stay the 
lining—in place of these some use cast iron brick 
shelves and bolt them to the shell—and then the 
tuyere arrangements are marked out. The lining 
should be two courses of firebrick, the inner course 
being of high-quality refractory firebrick. At 
about 2 ft. from the charging door, in place of the 
firebrick, it has been found advisable to use cast- 
iron hollow bricks, built into position. If these 
are used, they will be found both economical and 
durable, as they resist the wear and tear of the 
charges, coming in contact with them better than 
do the firebricks. The iron bricks should conform 
to the radius of the shell, and, as each course is laid 
on, the hollow should be filled with fire-brick chips 
mixed with ganister or fireclay (ganister by prefer- 
ence). Above the charging-door and up the stack, 
a lower grade of firebrick may be used. 

With reference to the internal shape of the 
cupola, the parallel shaft is regarded by most men 
as the most efficient, but the writer prefers the 
walls tapered slightly, as this takes some of the 
weight of the burden of the coke and the partly 
melted iron. Of course, if the lining narrows at 
the melting zone, it is equivalent to using a cupola 
of a reduced size, whilst the greater liability of 
very irregular shaped linings to cause hanging is a 
disadvantage. Yet I think this has the effect of 
producing a sectional and radial distribution of the 
blast, which counts for economy. 

With regard to the air supply, this depends on 
the forms, size, and disposition of the tuyeres, 
pressure, and distribution of the blast. Small 
tuyeres mean slow melting and dull metal. The 
tendency of modern practice is to enlarge the 
tuyeres; but there is no hard-and-fast rule. Dif- 
ferent cupolas are working under different condi- 
tions with different blowers and different material, 
and the tuyere which suits one cupola does not 
suit another. The actual tuyere area should be 
arrived at by experience. But as a guide the 
writer recommends that the tuyere area be about 
1-5th sectional area of the cupola, taken at the 
melting zone, and three times the area of the blower 
outlet. The diameter of the blast pipe should 
always be greater than the blower outlet, according 
to the length of the pipe in use. For instance, if 
the diameter of the blower outlet is 12 in. and the 
length of the pipe is 30ft., the diameter of the 
blast pipe should be 13 in.; if 60 ft., 14 in.; if 
90 ft., 15 in., and so On. The-shape of the tuyeres 
should be such that there is no friction or obstruc- 
tion of the blast passing through them, and also 
no throttling of the blast, which wastes pressure. 
The blast pressure should only be sufficient to 
enable the air to reach the centre of the cupola. 
Tf the tuyere area is too big and the blast pressure 
is let down, this will be responsible for many fail- 
ings, because the blast would not get to the 
material, and if the pressure is kept up, too much 
fuel will be burnt and the metal will come down too 
quickly, if sufficient fuel is put in. If too little fuel 
is put in the metal will come down impoverished. 
It is better to have sufficient tuyere area, because 
the area can be made less, though it is difficult in 
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many cases to increase it where it has proved too 
small. 

The old method of using pipes entering straight 
into the cupola, one on each side, making only two 
tuyeres, and these opposite each other, though not 
the worst method, failed to give good distribution 
of the air, and the disposing of a piece of metal 
lodging in front of the tuyere, forming an obstruc- 
tion, is a serious matter. If this cannot be got rid 
of by poking, it means closing the tuyere until the 
obstruction has melted, and it is no easy matter to 
blow the air in it one opening. From the point of 
view of distribution, still retaining two tuyeres, to 
place them so that they do not enter opposite each 
other is a slight improvement. Some have tried 
running tuyeres into the cupola slanting, but this 
had the tendency to drive the air round the sides. 
The air belt is a great advantage, and allows more 
uniform distribution of the air and more tuyere 
openings. 

Associated with tuyeres is the risk of ‘‘ making 
up ’’; a lump of coke will burn and develop heat, 
but not so a lump of iron; with cold air blowing 
on it, instead of melting, it gets chilled. Many 
foundrymen say that the charge of iron should be 
placed round the outside of the cupola, but with 
this statement I do not agree, because the out- 
come of it is trouble in the tuyers getting ‘‘ made 
up.”’ The remedy is to close the tuyere until the 
iron has been removed by melting. I am not a 
great advocate of poking with a bar unless abso- 
lutely essential. 

There is a great deal of misconception about the 
upper rows of tuyeres. If enough air can be ad- 
mitted and a sufficient pressure got with one row, 
it is most advisable to work with one row, and the 
argument in favour of upper rows would fall flat. 
It is claimed that the upper rows help to burn 
the gases, but the fact of these tuyeres burning CO, 
is of no consequence; the thing that counts is the 
top rows of tuyeres are burning coke and the melt- 
ing zone is being lifted higher up the cupola. A 
second row is unnecessary unless sufficient air 
cannot be got with one row. It is very significant 
that the manufacturers of cupolas with more than 
one row of tuyeres make special mention that doors 
are provided so that the upper rows may be closed 
if necessary. A third row of tuyeres further in- 
creases the difficulty. If it is found necessary to 
use a secon@ row, the direction of the upper row 
should be downwards towards the melting zone. 
The tuyeres should be kept as near to the bed as 
possible, the nearer the better, as the metal loses 
heat standing on the bottom. So if hot metal is 
wanted, it is advisable to keep them low. In a 
paper by Mr. Mason a minimum height of 24 in. 
and a maximum height of 30 in. from the hearth to 
bottom of the tuyere were stated. 

The height between the hearth and the sill of the 
charging door should be about 3§ times the diameter 
of the hearth for cupolas up to 42 in., and three 
times over this diameter. The object of controlling 
the height of the charging door is to completely 
utilise all the heat from the hot gases, as they 
ascend the cupola, by allowing them to pass through 
a sufficient amount of material and become reason- 
ably cooled. From the charging door to the top 
of the stack should never be contracted, as shown 
in Fig. 1, to a smaller diameter, but should rather 
be of a larger diameter inside, as this allows the 
gases a clear passage without inconveniencing the 
men who are charging. 


The slag hole should not be more than 10 in., 
or less than 5 ins., above the hearth; nor should 
it be less than 12 ins. below the tuyeres (bottom 
row if multiple tuyeres). 

The blast main conveying the air need not be of 
thicker metal than 3-16 in. if made of wrought 
iron, and it is better placed above the ground 
than under the floor, as any obstructions are more 
readily got at. It need not enter the air belt at 
more than one point, and should be slightly larger 
‘than the outlet of the blower. As previously men- 
tioned, air belts are a decided advantage, and they 
should be of larger area than the area of the 
tuyere openings. This gives an opportunity for the 
air to enter the tuyeres equally. 

When starting the day’s blow the cupola is 
lighted up in the usual way, and the bed charge 
then put on. As all cupolas do not behave alike, 
the height of the bed charge should be ascertained 
by experiment, but in many foundries it is the prac- 
‘tice to charge 12 to 16 ins. above the tuyeres. The 
quantity of coke should be measured and varied 
according to the time and condition of the iron 
coming down. A few days’ careful watching and 
measuring will give the most suitable height and 
ensure economical working. Apart from the saving 
in coke, if more coke than is necessary is put on, 
it will take the metal longer to come down, besides 
being longer in contact with the coke, which is very 
detrimental, because a portion of the sulphur in 
the coke combines with the iron, and renders it 
hard and sluggish. As the bed charge is from 
ten to twenty times as large as any of the suc- 
ceeding charges of coke, the injurious effect should 
easily be seen. 

It has often been suggested that the hardness 
of the first tap is due to the specific state of the 
carbon, and is caused by the molten metal falling 
on a cold hearth. I entirely disagree with this 
theory. I admit that the hardness is due to the 
specific state of the carbon, but this is brought 
about by the absorption of sulphur converting the 
carbon to combined carbon, and not thrugh the 
metal falling on a cold hearth. Dull, sluggish iron 
may result from a cold hearth, but not hard, brittle 
iron, which on analysis reveals a high sulphur 
content. 

Proceeding with the first charge of iron, the 
weight should be determined by the area of the 
cupola. It is very common to see furnaces over- 
burdened, both in iron and in coke, which does not 
induce regular melting and uniform results. The 
following I consider to be reasonable charges for 
different cupolas :— 


Diameter Charge 
in inches. in ewts. 
6 
36 12 
48 20 
60 25 
72 80 


Following the first charge of iron, coke is charged, 
and the question then arises, how much coke is 
required per ton of iron? Before this point can 
be settled, there are many points that must not be 
overlooked, such as composition and cleanliness of 
the pig-iron and scrap, quality of the coke and the 
class of work for which the iron is required, whether 
medium, heavy, or light. To mention two extreme 
instances, if the analysis of the iron shows a high 
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phosphorus content, say 1.5 to 1.75 per cent., a 
less quantity of coke per ton of iron can be used 
than with an iron containing 0.5 per cent. or even 
less. With a high phosphorus content, the fluidity 
is increased, and the melting-point is decreased. 
With such phosphoric irons other conditions being 
favourable, 14 to 1} ewts, of good coke per ton of 
metal will give good results. 

If, on the other hand, an iron is used that is low 
in impurities (say total carbon 3 per cent., silicon 
under 1 per cent., sulphur .04 per cent., phos- 
phorus under 0.5 per cent.) it would have a higher 
melting point and a narrower range of fluidity, 
owing to the absence of the impurities which assist 
in retaining the fluidity. Such an iron, to give a 
clean, fiuid, hot iron, would require 2 to 24 cwts. 
of coke per ton of iron. In neither of these in- 
stances is the bed charge included, because I think 
it incorrect to distribute the bed charge over the 
whole melt for comparative purposes, as it would 
be the same for a 20-ton as for a 60-ton blow. 

The quality and composition of the coke should 
be within definite limits, as quality must be con- 
sidered in relation to quantity used. A low-priced 
coke may prove dear, if it is cheap because it is 
poor; and the evils of poor coke are many. Such a 
coke works against you in keeping a clean cupola; 
it also produces dirty and sluggish iron, and the 
worst of all, as poor quality cokes are frequently 
high in sulphur, and the iron has a great affinity 
for sulphur, hard and brittle castings are produced. 
Furthermore, there is also a great deal more ash, 
and this necessitates ‘the addition of more flux to 
get rid of the ask. A good foundry coke should 
be high in fixed carbon, fairly hard, with a small 
cell structure. The following are the working 
limits, and the analysis of a well-known foundry 
coke respectively :— 


Per Per 

cent. cent. 
Fixed carbon not less than 88.5 85.33 
Sulphur under... eee S 1.04 
Volatile matter not more than 1.0 .78 
Ash under... 3. 08 10.30 
Moisture about... 2.0 2.55 


Tt must be remembered that a low coke consumption 
is not the only thing to be aimed at. Hot and 
rapid melting are of equal importance, and unless 
the metal is at the proper temperature good cast- 
ings cannot be made. For this reason the figures 
obtained on heavy work are more favourable than 
that obtained on lighter work, where hotter iron is 
required, using the same materials. Thus, on the 
same cupola for heavy work the ratio worked out at 
1—10 approx., while the ratio for light work 
gave 1—6, and for medium work 1—7.5 approx. 

In very small castings it may be as low as 1—5. 
The ‘‘ melting ratio "’ is a rather loosely applied 
term. It can be either inclusive of bed charge or 
exclusive of bed charge, and can also be based 
on the total metal recvered, fr instance, metal 
charged minus the melting loss, or the total metal 
charged. But for comparative purposes I would 
exclude the bed charge and compare with the metal 
charged. But where returns have to be made in 
works practice, the actual fuel expended for iron 
produced is required, and it becomes essential to 
count all coke charged less the amount recovered 
at the end of the blow, and compare against the 
actual metal tapped out of the cupola. The follow- 
ing is a typical charge :— 





Cwts, 
Total coke charged in cupola... 19.5 
Less coke recovered... ae aie 8 
Actual coke consumption... ode: oe 
Iron charged :— 
Brand A ee aay ed ae 
ey ox a < ... 82.0 
ei ae ne Ap a a 
ee ae aa Ses aid: 
Scrap and gates... 33 .-- 110.0 
Total metal charged os sas’ SERD 
Less melting loss, 5 per cent. ... 11.0 
Metal recovered... iis ... 200.0 
é ae 
Ratio 200 ~ 1099 


. Following the coke comes the flux, and this is 
charged either in the form of limestone, which is 
calcium carbonate, or carbonate of lime, or fluor- 
spar, which is calcium fluoride, both of which have 
been found suitable for the cupola. The flux gene- 
rally used is limestone, but other substances can 
be used, such as shells or marble chippings. The 
limestone should always be as pure as possible and 
free from sulphate of lime. The amount to be used 
varies according to the quality of the coke and the 
amount of sand adhering to the pig and scrap, the 
effect of which will be shown later. Each part of 
sand would require three to five times its weight 
of limestone, but as it is assisted by the ash of 
the coke, which contains a little lime, and by the 
oxide of iron from the pig and scrap, less is re- 
quired. A slight excess will not make the slag 
less fusible, and it is better to err on this side. 
With clean pig and scrap and using good coke as 
low as 28 lbs. per ton of iron charged can be used; 
but the amount will vary according to the amount 
of sand and dirt charged into the cupola. The 
following is a typical analysis of a limestone :— 

Ca CO,, 92.63; Si O,, 3.82; Fe, O, and Ae, O,, 
1.173; MgO, 2.376. Reactions occurring in the 
cupola. 

In the cupola very little reduction goes on com- 
pared with the blast furnace, which is smelting 
ores, and we can safely take it that cast iron is 
porous, otherwise it would not absorb heat. The 
air passes through the tuyeres, and comes in con- 
tact with the burning coke and increases the rate 
of combustion, making it an incandescent mass, 
which attains a temperature which is more than 
sufficient to melt cast iron, about 1,600 to 1,700 
deg.C. The cupola has been previously referred to 
as “a small blast furnace,’’ yet while this is true 
to some extent, it is quite distinct from the blast 
furnace. While the object of the cupola is to melt 
or liquefy the metal, the blast furnace reduces the 
iron from its combination with other elements, as 
in ore, to the metallic state. In the blast furnace 
a temperature is reached between 1,800 and 2,000 
deg. C. Such a temperature in a cupola is un- 
necessary, as practically no reduction takes place, 
the-only oxidation is that required for the com- 
plete combustion of the coke and the formation 
of a fluid slag. In fact, if such a high tempera- 
ture were reached in the cupola, probably all the 
iron would be burned. 

The requisite air is forced through the tuyeres 
with the formation of CO, and CO,. As the rate 
and completeness of combustion depend on the air 

c 
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supply, an insufficient volume will convert the 
carbon of the coke to CO instead of CO,. The 
CO, is 7% al produced when an adequate supply 
is provided. Its importance will readily be seen 
when it is considered that carbon burning to CO, 
produces 8,080 calories, or 14,544 B.T.U., and 
carbon burning to CO produces 2,473 calo- 
ries, or 4,451 B.T.U. The CO is combus- 
tible, and if sufficient air is supplied it can 
be converted to CO,, this being the object of mul- 
tiple tuyeres. Under perfect conditions the gases 
should be cooled at the charging door. If the 
gases are blazing at the charging door, or if when 
they strike a projection they show a blue flame, 
they are escaping at a temperature of 282 deg. C., 
and perfect conditions are not being obtained. 

In addition to melting the iron, heat is also re- 
quired by the flux to bring about the various re- 
actions. Heat is also lost by radiation, by incom- 
plete combustion of the fuel, and by passing up 
the stack, so that between theoretical values and 
actual practice there is a big margin which must 
be allowed for; but approximately 1 Ib. of coke 
completely burnt requires 150 cub. ft. of air, and 
should melt 10 lbs. of iron. The amount of carbon 
required to melt 1 ton of iron is 77.85 lbs., and the 
amount of carbon to melt 1 Ib. of iron is .034 lb. 

There is charged in the cupola a certain amount 
of sand and other foreign matter, which is asso- 
ciated with the pig and scrap mainly, and also 


or through having an excessive oxidation of iron 
to oxide of iron, owing to the metal being too much 
exposed to the action of the blast. 

(Final) Ca 0+Fe S=Ca S+Fe O. 

Should there be an excess of lime still left un- 
combined with the silica the lime takes up the 
sulphur, which owes its presence to the pig-iron 
and to the coke. As already mentioned, slag is 
produced from the oxidation of silicon, manganese 
and iron of the metal, from the sand adhering to 
the scrap and pig, from the coke, and, further, 
from the fluxing materials. Pure calcium car- 
bonate contains 56 per cent. lime and 44 per cent. 
CO,. Fluorspar, often termed “Bohemian flux,’’ 
is regarded as a more effective flux than limestone, 
and it is claimed it also reduces the sulphur, or 
at any rate prevents the absorption of sulphur 
during melting, thereby improving the quality of 
the metal. It acts on silicates in two ways :—(1) 
By combining with the silicates to form a fusible 
compound. (2) By decomposing the silicates and 
forming gaseous silicon fluoride (Si F,). Both 
limestone and fluorspar are lime-producing mate- 
rials, but, weight for weight, fluorspar contains 10 
per cent. more lime-producing calcium than lime- 
stone, and while 44 per cent. of limestone is volati- 
lised as CO,, which passes up the stack, the whole 
of the fluorspar is utilised owing to it not being de- 
composed until the melting zone is reached, where 
it produced a thin fluid slag. The form in which 


Typical Analyses of Cupola Slags. 








Silica Alumina Ferrous Manganese Lime Magnesia Sulphur Calcium 
(8i0,). (Al, 05). oxide (Fe,03). |! oxide (Mr.O) (CaO). (Mg.0,, (8). (Ca). 
| a 
= esterase en ner ES Soe) 

Per cent. Per cent. Percent, | Per cent. Per cent, Per cent, Percent. | Percent. 
64.1 115 15.3 | 35" 9 75 0.60 } 0.17 0.23 
55.2 11.6 9.9 1,16 15 52 0.49 | 0.22 0.28 
59.4 10.3 2:9 | 4.00 9 80 0.74 c.18 0.22 
46.7 96 7.3 2.79 31.60 0.1. 0.40 0.50 


with the coke. This material is “acid” in cha- 


racter, and requires a material “basic” in 
character to form a fusible slag in the fusion zone. 
The material to be fluxed is chiefly acid, and the 
fluxes used are limestone, or fluorspar, which are 
basic. 

An acid is the oxide of a non-metal, and with 
few exceptions a base is the oxide of a metal. The 
acids and bases, having a strong affinity for each 
other, depending on the compound, they combine 
to form definite compounds. When the limestone 
reaches the hot zone a series of cracking noises are 
heard, due to the evolution of CO, separating from 
the limestone, resulting in lime which goes down 
with the charge, until a temperature of 980 deg. 
C. is reached, when it combines with silica and 
other foreign matter to form a slag. 

The following are the reactions 
place :— 

(1) Ca CO,=Ca 0+C0O,. 

Limestone is reduced to lime and CO,. 

(2) Ca 0+Si O,=Ca O Si O,, or Ca Si O,. 

This is actually the first combination that takes 
place on account of the ljme being a strong basic 
substance and having a great affinity for silica. 

(3) Fe 0+Si O,=Fe Si O,, or Fe O Si O,. 

This combination takes place either through not 
providing sufficient lime to combine with the silica 


that takes 





the calcium is released is not as lime, as in the 
case of limestone, but as calcium according to the 
equation :— 

Ca F,=Ca+F.,. 

2 F,+Si=Si F,. 
It must not be forgotten that an excess of flux 
is all right, but a large excess will go for the 
cupola lining. 

With porn. oA running daily on one class of mate- 
rial, the fluidity, colour and general appearance 
of the slag will give some indication of the con- 
dition of the melting. 

The effect of charging sand and other foreign 
matter with the materials may be mentioned. As 
an example :—To find the approximate amount of 
limestone under the following conditions :—Metal 
charge, 4 ton of pig iron, } ton scrap (runners and 
bad castings). Coke charge, 2 cwts. per ton of 
metal melted. Considering the substances from 
which slag is produced, we have the following :— 
Sand adhering to pig iron=30 lbs. per ton; sand 
adhering to scrap=40 lbs. per ton; or 1 ton of half 

20 +40 
pig and half scrap=9——g =35 Ibs. 
ash in coke=10.3 per cent.; or per charge of 2 
ewts., take 10.3 per cent.=2.2x10.3=22.6 lbs. 
Amount of silica in 22.6 lbs.=say 15 lbs. There 
is also oxidation of silicon, manganese and iron, 
which amounts in the case of silicon to about 0.2 


2 Ca+O0,=2 Ca O. 


Amount of 
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per cent., or, say, 5 lbs., and the manganese and 
iron another 5 per cent.; so we obtain :— 
Slag-producing substance. 

Ibs. 


Adhering sand ot sick hate 

Ash ‘n coke ... eS a: ied (ae 

Through oxidation a <- S 
Total 60 Ibs. 


This 60 lbs. is slag-producing material, and is 
almost entirely silica, or of similar affinity to lime- 
stone, and we derive the following chemical for- 
mula :— 

Si 0,+Ca CO,=(Ca Si O,)+CO,. 

60 + 100 = 116 + 44. 
60 parts of silica require 100 parts of Ca CO,, or 
1 part of silica requires a =1.66 parts Ca CO,; 
or 60 Ibs. of Si O, require 60x1.66=100 ibs. (ap- 
prox.) of Ca CO,,. 

Should lime be used in place of limestone, we 
obtain the following :— 


Si 0,4+Ca O=Ca Si O,, or 
60 + 56 = 116. 
60 parts of silica require 56 parts of lime, 1 part 


6 
silica requires op =0.9 parts of lime, or 60 lbs. of 


silica =54 lbs. of lime. 
For the purpose of cupola calculations the lime- 
stone may be taken as pure calcium carbonate. 





Extensions to Clarence Ironworks, 





During the past few years much has been done to 
bring the Clarence Ironworks of Messrs. Bell Brothers, 
Limited, Port Clarence, Middlesbrough, well into line 
with modern practice, particularly in regard to the lay 
out of the furnace plant, with a view to economising 
labour. The two furnaces which were pulled down are 
being replaced by a furnace with an automatic charger, 
which has been designed and is being erected by 
Messrs. Head Wrightson & Company, Limited. The 
furnace is designed for a make of 1,500 tong of Cleve- 
land iron per week. Its gas will be thoroughly cleaned, 
first by passing through an elaborate system of dust 
catchers, and, finally, by treatment in an electrical gas- 
cleaning plant by the Lodge Fume Company. The 
gas will be fired under boilers to raise steam for a 
Fraser & Chalmers high-pressure turbo-blower ; also for 
Cowper stoves for heating the blast. The new furnace, 
the shell of which is now completed, is known as the 
“©” furnace in a group of four, which with the kilns 
and storage bunkers form three parallel lines at 
right-angles to the coke ovens from which the 
furnaces draw their supplies. The coke track is being 
extended so that the loaded hoppers will be delivered 
on the bogies direct to the feed of the automatic 
charger of the new furnace. A gantry is being erected 
with the kilns on the one side and the storage bunkers 
on the other, the span being approximately 28 ft., 
which will be travelled by a 10-ton Herbert-Morris 
crane, and this will deliver the charges of coke to the 
other furnace ho'sts. The discharge shutes from the 
kilns have been re-disposed so as to bring three into 
line on each side of the delivery side, and the kilns 
will be served by trolley tracks. A gantry 850 ft. in 
length by 120 ft. span has been erected over the pig 
beds on the new side, and this carries two Herbert- 
Morris 5-ton electric-magnet cranes, which serve to load 
the Cleveland iron direct into the railway wagons and 















to deliver the hematite—the product of one of the fur- 
naces—to a Lowca breaker. 

A shop has been erected for the production of special 
alloy steels, for which purpose a Héroult 7-ton electric 
furnace, built by Messrs. Thwaites Brothers, Limited, 
Bradford, has been installed, the furnace and casting 
floor being served by a Herbert-Morris 16-ton crane. 
The 20-in. electrodes are automatically and electrically 
controlled, and the ingots are cast in groups of four, 
a system of gas-heating being provided for the moulds. 
The furnace has uniformly produced an average of 120 
tons of special steel per week, the life of the roof being 
three weeks. 

A new fitting shop has just been finished, which it is 
interesting to note was designed and built by the 
workg staff. The shop is covered by a main and two 
side bays 200 ft. in length, with a span for the main 
bay of 38 ft., the runways carrying a 10-ton Herbert- 
Morris crane. The fitting shop has been laid down as 
a self-contained works. At one end of the building 
there is a works mess-room provided with cooking ap- 
pliances, and also a locker room. 

For the mogt part the too!s have been transferred 
from the old fitting shop. Some useful additions have 
been made to them in the form of a morticing machine 
for cutting keyways, a millwork wheel-cutting machine, 
and a George Richards universal surfacing and boring 
machine of the Pearn-Richards type. At the time of 
our representative’s visit this machine was engaged in 
boring a hydraulic cylinder for a steel-works hoist, the 
casting weighing 54 tons, which is about the largest 
casting made in the Clarence Works foundry. The 
machines are driven in groups by four 20-h.p. Westing- 
house motors. The method of carrying the machine 
countershafts ig ingenious and somewhat unusual. 
Secured to the columns on either side of the bay are a 
couple of girders, which are carried below the main driv- 
ing shaft and extend, as does the shaft, for the full 
length of the shop. The countershaft hangers are car- 
ried in short lengths of channels, which can be locked 
in any desired position on the girder track. This, 
of course, eliminates the necessity of making bolt-holes, 
and at the same time s‘mplifies the installation of a 
new machine or the transference of a machine from 
one point to another. At the far end of the shop is a 
locomotive pit for repairs, all such repairs being 
executed at the works. 

Another ingenious tool, which occupies a separate 
shop, was evolved and built in its entirety by the staff 
from odds and ends of material available on the works. 
It is a vertical boring head for turning up the furnace 
bells. This machine carries a 12-ft. dia. table, the 
periphery of which ig built up in the form of a gear 
into which the driving pinion meshes, whilst on a 
bench immediately at the side of the table is a universal 
drilling machine for drilling holes, when desired, whilst 
the work is on the table. Although an examination 
reveals a very ingenious combination of unusual parts, 
the complete machine is by no means crude; it turns 
out ret.” ly good work, and, of course, in a tithe of 
the time o» the usual hand-chipping process. lt 
is driven by the game motor as the pug-mill. 

At the present time the management of the Clarence 
Works are engaged upon two very important innova- 
tions :—{1) The erection of a sintering plant, which will 
be capable of dealing with 600 tons of ore in the 
24 hours. It is anticipated that this plant will be in 
operation by the close of the year, and at the moment 
the company have on hand a stock of 19,000 tons of 
ore for treatment. (2) At the same time, a plant is 
being put down for the manufacture of slag bricks, the 
company having already determined by practical experi- 
ment the possibility of making a very serviceable brick 
from the slag with a small percentage of lime added 
The plant, therefore, now being installed (by Herbert 
Alexander & Company, Limited) is designed for a con- 
siderable output. . 

c 
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Moulding Ingot Moulds. 


By A. B. Smith, 


The following is a description of tackle used, 
and the method of making ingot moulds. The work 
is of a repetition nature, and is carried out by 
unskilled labourers. The moulds are made in 
various sizes, and the one described is the most 
popular size, averaging about 6 ft. in height and 
2 ft. at the base, tapering to a top of about 20 ins. 
square, having rounded corners, and about 3 to 




















4 ins. thick. Two staples are cast in for lifting 
purposes, as seen at Fig. 5. 

The moulds are cast lengthwise as in Fig. C, 
and made in pits, the tops of the job being about 
a foot above the ground floor. 

Boxes.—These are made on the tank-plate sys- 
tem and cast open-sand, tapering from end to end 
as seen in the first four sketches, the two inside 
plates (Fig. 3) being flanged as at A and B. The 
outside plate (Fig. 1) is ribbed only and cores are 
cast in corresponding to C (Figs. 1 and 2), 
for subsequent bolting together as in Fig. 4, C, 
the four plates forming a tapered box, Fig. 4. 
The top box part is cast with a double flange for 
added strength, as in Fig. 7, section E, and the 
size is exactly the same as in Fig. 4, the job being 
completely flat. No pins are required, and the 

















7 8 


boxes are lifted by cam hooks under the flanges. 
No trunnions are required. 

The bottom part is a thick plate exactly the 
same size as the base of the centre box, Fig. 9, 
having four feet cast on as at F, and a slot in the 
centre, G, corresponding with the projection on 
the core bar G, Fig. 10. 

Core Bar.—The centre core (Fig. 10) is of the 
same shape as the pattern and of a size to allow 


qeanecccoes 
‘\ 
\ 
- 


about two inches of sand between the pattern and 
the core iron from top to bottom; the inside core 
is as Fig. 10, finishing with a round tee core at the 
head as at H, to allow of free passage of air, this 
being vented by means of cored holes (Fig. 10, I). 
The section is seen at J. Fig. 11 is the packing 
piece (Fig. 6, K), a screw. bolt L being cast in the 
core bar at base slot G. 























Moulding.—First the core bar is fastened and 
well screwed up by the bolt L passing through the 
slot G in the base plate (Figs. 9 and 6). It can then 
be picked up and lowered into the pit in the fol- 
lowing manner. 

Fig. 12 is a bolt or pin which is passed through 


the hole H, Fig. 10. A short chain with two large 
links is then slipped over the head and nut, when 

















9. ‘ 11-16. 


the core bar and plate can be slung into any posi- 
tion. When this is levelled on the pit bottom it 
is then given a good coat of charcoal blacking, this 
being considered a better adherent than clay-wash. 
A template plate, Fig. 8, is then passed over the 
core bar and lowered over the pins M, M, on to 
the base plate, Fig. 9. : 

The centre of the template acts as a guide for 
the pattern. The pattern is next lowered on and 
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slipping through the template rests on the bottom 
late. 

: The box, Fig. 4, is next placed in position as at 
Fig. 6, and ramming is done, special long rammers 
being used, generally ramming the core and mould 
alternately until within a short distance of tke 
top, when, if necessary, strengthening pieces may 
be added to form an extra thickness under the 
wrought iron loops, Migs. 5 and 14, N and O, 
Figs. 16 and 6; but this is not always required, 
there being a good thickness of metal. 

The ramming having been done to the top, the 
joint is made by levelling off the sand and damp- 
ing with a wet brush. The box may now be re- 
moved by a pair of comb hooks, placing then 
centrally on the top flanges of the box. 

When the mould is removed, leaving the pat- 
tern behind, it is placed on four pedestals, so as 
to enable a person to get inside to finish it over 
and black it previous to stoving. The pattern is 
next removed by a pair of hook chains and the 
loops at the top, a slight rapping being given 
round the sides. This done, the template ‘s taken 
away and the core blacked, and also the bottom 
plate is given a thick coat of blacking. 

Top Parts.—These tops are rammed off a board 
as Fig. 13; the dotted lines indicate the position 
of the casting. Holes are cut-in for the gates on 1 
risers and also for the staples, and the centre of 
the box is left open for the centre of the core bar 
to pass through. 

When the ramming is completed the board and 
box are cramped together and turned over on to 
four hicks or a bed and the board removed; the 
mould is then given a good coating of b'acking, 
omitting, of course, the staples, the ends of which 
are given a coating of red lead; it is them stoved 
and dried. 

Casting.—Assuming the moulds are thoroughly 
dry, the core bar and bottom plate are picked up 
and placed in the pit. A thin layer of wet loam 
is put around the outside edge, and the centre 
box is lowered into position, the loam ensuring 
a good bedding all round; the top box is then 
lowered over the corebar head and on to the moul 1. 
care being taken to ensure the bar being central 
in the box. 

When this has been done loose sand js rammed 
in between the sides of the corebar and the centre 
of the box; the runner is then made up and the 
riser, the top and bottom boxes being cramped to 
the centre box by means of the flanges, no weights 
being required. 
after casting to allow of cooling or setting and the 
job is dismantled while hot, as this method saves 
a great deal of time and labour in stripping. 


EXODUS OF ALIENS FROM AMERICA, — “ The 
Tron Trade Review”’ in a recent note dated from 
Washington states that, according to the Inspection 
Service of the Department of Labour, many aliens are 
planning to return to their mother countries within a 
short time. Investigations conducted by the Service re- 
vealed the fact that the greatest number of foreigners 
intending to return are in the iron and steel industry. 
Whether the exodus will seriously affect the 
industries of the country, the Labour Department 
officials cannot say. It is believed, however, that the 
removal of a large proportion of foreign labour will 
either level the supply and demand there or that there 
will be a considerable shortage. Officials refuse to 


commit themselves to estimates of the migration. 


A short period is allowed to elapse ° 








Power from Tidal. Waters. 





Engineers will be interested in a scheme which has 
been evolved by Mr. J. Smith, of J. Smith & Com- 
pany, engineers, Glasgow, whereby the harnessing of 
tidal waters for generating electricity is claimed to 
be brought within grasp of actual fulfilment. As a 
result of correspondence which has passed between 
Mr. Smith and the Board of Trade in connection 
with his scheme, the Department has shown itself 
anxious to put the idea of the patentee to a searching 
test. To this end the Water Power Committee of the 
Board of Trade have asked for particulars as to sites, 
plant and first cost, and the patentee has furnished 
them with the following details of his scheme :— 

The River Severn at Portishead supplies 4,773,730 
h.p., being 744 miles long by one mile wide by 17 ft. 
deep, displacing 187,921,251 cub. ft. per minute at 
17 ft. head of water for three hours. The Dee, at 
Point of Air, the Menai Straits, and the Mersey, 
above Liverpool Docks, show a total of 5,651,984 h.p., 
— 122 miles long by one mile wide by 14 ft. deep, 
displacing 270,780,050 cub. ft. per minute, at 14 ft. 
head of water for three hours, and 


roviding a total 
of 10,425,714 h.p. The average half ,* 


p. is 5,212,857, 


the Severn borrowing from the Mersey. The total 
h.p. obtainable is 5,500,000 borrowing from the 
Mersey, and using part surplus water. The total 


surface mileage is 1 miles by one mile wide for 
use in six hours, and the total approximate cost is 
£85,500,000, including cable for an area of 170 miles. 
The total average cost per h.p. is £16 17s. 4d., and 
current could be distributed at 1/30th of a penny per 
Board of Trade Unit. This provides for deprecia- 
tion, working expenses, and 5 per cent. interest on 
capital. By this scheme, it is claimed, power could 
be distributed at about 1/50th of the present cost. 

Two or more rivers are required to work this 
scheme to obtain the constant head of water needful. 
They work alternately, thus keeping . a constant 
supply, and overcoming the difficulty of high and low 
water. The rise and fall of the Severn is ft., and 
only half of this—17 ft.—is used, the other half 
pon the head which is kept during the whole time 
the turbines are working. The amount of water 
constantly passing over fall for three hours is 
187,921,251 cub. ft. per minute. The area of water 
used by this head is equal to 74.5 miles in length by 
one mile broad by 17 ft. deep. In the case of the 
Dee, which has 28 ft. rise and fall, a constant head 
of 14 ft. is ensured, and at this fall there is 
123,099,300 cub. ft. per minute. The area of water 
used by this head during its three hours run averages 
15 miles long by 4 miles broad by 14 ft. iy 

As regards the Menai Straits, a constant head of 
water, 14 ft., is available again, and displacing 
47,687,733 cub. ft. per minute. As for the Mersey 
scheme, where the tide is 26 ft., a constant head of 
13 ft. of water is supplied, and here the cub. ft. of 
water displaced is 99,977,710, with an average mileage 
of 40 miles long by one mile broad by 13 ft. deep. 
This provides from the four rivers mentioned a con- 
stant h.p. of 5,212,779 per minute, and by using all 
the available power a total of 5,500,000 h.p. can be 
obtained. . : 

The average first cost per h.p. (pre-war price) in 
Mr. Smith’s scheme is £9 8s., as compared with the 
£38 per h.p. for the nine waterways lately suggested 
to the Water Power Committee. After the initial 
outlay the only charge so far as expenditure is con- 
cerned will be wages, interest on capital, and ordinary 
wear and tear of plant. To meet this the power could 
be distributed at 1/30th of a penny per Board of Trade 
Unit. 

Details as to the mechanical operation of the scheme 
are given in an explanatory guide page y by Mr. 
Smith. The estimate is based on a 57-in. ‘ Achilles” 
turbine. It also includes locks and basins for 


the 
Severn and Mersey for shipping. 
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Graphitisation in Iron-Carbon Alloys. 





By Kuniicut Tawara and Gensnicut AsaHara (Tokyo University). 


(Abstract.) 


About one kilogramme of charcoal-iron was charged 
on a Morgan’s clay crucible together with a certain 
quantity of hard charcoal (C = 87 per cent.) and 
heated in a Deville’s furnace with blast until it 
melted, no charcoal remaining on the surface of the 
melt. The molten alloy was cast in a flat réctangular 
metallic mould, white pig-iron containing nothing but 
carbon and iron being obtained. About 80 kgs. of the 
alloy were prepared in separate caste, their carbon 
content varying between 2. er cent. (minimum) and 
3.92 per cent. (maximum). One of t caste pre- 
pared in this manner, and taken at random, gave on 
analysis 0.10 per cent. of silicon, an amount which 
can safely be disregarded in considering the resulte. 

In preparing the alloys the temperature which the 
molten metal reached during the heating (the 
‘‘ highest temperature’’) and the temperature at 
which the metal was cast (the ‘“‘ casting tempera- 
ture’’) were measured respectively. Measurements 
by the Féry patent. pyrometer having proved difficult, 
a thermo-couple was used, protected by a silica tube. 

The highest temperature was measured by dipping 
the thermo-element into the mo‘ten metal, which was 
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tion : (1) The chemical composition of the alloys; (2) 
the “highest temperature”; (3) the “casting 
temperature; (4) the ‘‘ temperature of the mould ’’; 
(5) the “time’’; and (6) the ‘‘ mode of cooling” of 
the reguli. The effects on the microscopical con- 
stituents and structure due to each of those factors 
were as follows :— 

Chemical Composition of the Alloys.—It depends 
largely, of course, upon chemical composition, 
whether graphitisation occurs or not. The material 
used in the experiments containing practically nothing 
but iron and carbon, graphitisation, if present, is 
certainly not caused by such impurities, as silicon, 
etc. Indeed, the graphitisation in the experiments is 
almost entirely due te the slow ceoling of the metal 
at or near its solidification point. Graphite is 
always to be seen in an ingot which has been slowly 
cooled, even when there is practically no silicon. 

No. 5 and No. 6 underwent nearly the same heat 
treatments and differed only in carbon contents. The 
percentages of carbon in these two alloys were found 
to be 3.03 per cent. and 3.45 per cent. respectively. 
So far as the present results were concerned, there was 
no marked effect upon the structure by the change in 
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Fic. 1.—ARRANGEMENT OF APPARATUS. 


then allowed to cool. the thermo-element remaining in 
position until the desired casting temperature was 
reached. 

The moulds used in the experiments were, in most 
cases, of fireclay mixed with coarsely powdered 
crucible material, and were of the shape of an equi- 
lateral triangular prism, the side of the equilateral 
triangle —- 14 in. long. In all cases the mould 
had previously been heated in a concentric gas-jet 
crucible furnace up to a certain temperature before 
the molten metal was cast in it. The temperature 
was measured with a thermo-couple which was inserted 
into a hole in the mould, The ingot, after this 
treatment, was slowly cooled in the furnace or quenched 
in water. It was then examined microscopically and 
chemically, The arrangement adopted is’ sketched in 
Fig. 1. The average temperature throughout the 
experiment is ci as the “temperature of the 
mould ’’ for the sake of convenience, where necessary. 

Table I. shows the results of the experiments. All 
the samples were analysed for carbon and silicon, and 
in one case, chosen at random, the phosphorus. 
sulphur, copper, and manganese were also estimated 
The result was as follows :—Phosphorus, 0.06 per 
cent, ; —~, 0.09 per cent.; manganese, trace; 
copper, nil. No practical effect may be expected from 
these minute quantities. The experiments were s0 
devised that only one factor differed in each case, 
namely, the six variablese—with regard to graphitisa- 


carbon content within certain limits (0.5 per cent. 
fluctuation). In No. 7 graphite was present in very 
small quantity and in a certain limited space. The 
mass was very much like white iron. 

It might be assumed from these examples that the 
quantity of graphite (under the same conditions) de- 
pended on the carbon content of the alloy, the quan- 
tity in No. 5 being considerably greater than in No. 7 
even when compared with No. This is explained 
by assuming that the excess carbon over 2 per cent. 
(which is the limit of saturation of primary austenite) 
crystallised out as graphite. On the other hand, the 
above conclusion might be expected from the equili- 
brium diagram of the FeC system. The carbon per- 
centage of any alloy in the experiments is between 
2 per cent. and 4 per cent., so that the constituents 
which appear at the time of ‘solidification are primary 
austenite and graphite, and no other new constituent 
is introduced. oreover, the increase in carbon con- 
tent means, in the. equilibrium diagram, the approach 
to the eutectic freezing point of primary austenite 
and graphite. Accordingly, more graphite should be 

roduced out of the carbon which is in excess of the 
imit of saturation of austenite with carbon. ’ 

In No. 8 the highest temperature and the casting 
temperature are higher than in the other three cases, 
besides which the carbon is as low as 2.18 per cent. 
Graphite occurred in certain parts of the ingot. In 
this case it might be necessary to raise the casting 
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t«mperature 60 as to make the case comparable with 
the others, because the percentage of carbon was 
smaller and the solidifying temperature was conse- 
quently higher. However, this is not strictly the case 
in No. 8, although it is evident that graphitisation can 
take place even when the content in carbon is as small 
as 2.18 per cent. 

It may be assumed, therefore, that the amount of 
carbon in the alloys, when ranging from 2 per cent. 
to 4 per cent., is not a decisive factor in graphitisation. 
It causes no change in the species of microscopical 
constituents ; but it influences the quantity of graphite 
produced. 

2. The Effect of the ‘‘ Highest Temperature.’’— 


No.of Per cent. Highest Casting Temp.of Time. Modeof 
experiment. carbon. temp. mp. mould. Hours. cooling 
a tT. b 
6 3.45 1336 1328 1100 1¢ Slow 
9 3.36 1436 1329 1100 1¢ 


On comparing No. 6 with No. 9, no perceptible 
difference could be found in their structures. 

The result of the experiments shows that the 
“ highest temperature,” t.e., the maximum temperature 





tures, such as those chosen in the experiments, fa~our 
graphitisation, as they result in slow cooling. 


(a) 
No.of Per cent. Highest Casting a, of Mode of 
experiment. carbon. temp. temp. — id. a cooling. 
: ’ % r. 
21 3.60 1334 1318 1000 + Water 
22 3.58 1325 1317 1100 + 7 
n 


In these cases ingot metals were rapidly quenched 
in water. In both cases graphite was seen in certain 
parts in the mass, showing that graphitisation could 
take place at 1,000 deg. C. as well as at 1,100 deg. C. 
These graphite flakes were not produced by the slow 
cooling down from these temperatures, as the mass was 
quenched at once. 

(6) 


No.of Per cent. Highest Casting Temp. of Mode of 
experiment. carbon. temp. temp. mould. Time. cooling. 
Deg. Deg. Deg. Hrs. 
14 3.42 1393 1327 1100 1t Water 
24 3.40 1339 1314 1125-1128 14] oe 
4 


In No. 24 an effort was made to keep the tempera- 
ture of the mould as near the eutectic temperature as 








which the molten metal has reached, has apparently possible. There is no graphite at all in No. 24, while 
3 ** Chemical composition. 
No. of Highest Casting Temperature Mode of Microscopic 
experiment. temperature. temperature. of the Time. cooling. Total Graphite constituents.{ 
mould, carbon. carbon. _ Silicon. 
Deg. C Deg. C Deg. C. Hrs. Per cent. | Per cent. | Per cent. * 
1287 1237 1000 | 1 Slow ‘ | ° | 0.02 G.C.PAL.). 
2 1274 1233 1100 1 a -- ° 0.05 G.C.P. 
3 1315 1266 1100 + ” — ° _ G.C.P. 
4 1301 1251 } 1100 lt os 3.08 ° 0.03 G.C.P. 
5 1355 1330 | 1100 1 re 3.93 2.18 0.05 G.C.P. 
6 1336 1328 | 1100 it ma 3.45 1.53 0.04 G.C.P. 
7 1333 1325 | 1100 1 o. 2:48 . 0.02 | G.C:PAL.). 
- 1409 1388 | 1100 i a 2.18 * 0.05 | G.C.P. 
9 1436 1329 j 1100 } 1 me 3.36 1.50 0.06 G.C.P. 
(for one h } 
ar. | 
10 1356 1323 | 1100 3 Very slow | 3.25 1.64 0.01 G.C.P. 
11 1402 1279 1100 0 Quenched | 3.10 Nil 0.05 Ar.L. 
| in water 
13 1361 1328 1100 | + } Slow 3.23 1.60 0.05 G.C.P. 
14 1393 1327 1100 | 1} uenched | 3.42 1.26 0.02 M.G. 
| | n water. | 
15 1346 1325 11000 | -— | Slow | 8.65 2.14 0.03 G.C.P. 
18 1416 1399 1100 | 1} | pa | 3.34 1.73 | 0.03 G.C.P. 
20 1357 1316 we Es Quenched | 3.63 ° 0.02 Ar.C.L.G. 
| in water 
21 1334 1318 } 1000 | 4 as 3.60 ° 0.01 | Ar.C.L.G. 
22 1325 1317 1100 } 4 pa 3.58 bd 0.02 Ar.L.G. 
23 1363 1322 90 | 7 ° 3.42 Nil 0.03 Ar.L. 
24 1339 1314 1122-1126 | 14 én | 3.40 Nil 0.03 Ar.L. 
27 1335 1323 50 | (Chilled casting) 3.61 Nil 0.01 Ar.L 
| (metre | | 
| mould) | | 


* Refers to partial graphitisation, i.e., the presence of graphite in certain parts. 


+ G.=Graphite. C,=Cementite. P.=Pearlite. 
n> effect on graphitisation. In the experiments, there- 
fore, no special precautions were taken respecting this 
factor, which varied within a certain range of 
temperatures. 

3. The Effect of the Casting Temperature.— 


No. of Per cent. Highest Casting Temp. of Mode of 
experiment. carbon. temp. temp. mould. Time. cooling. 
Deg. Deg. Deg. Hours. 
6 3.45 1336 1328 1100 1: Slow 
18 3.34 1416 1399 1100 1¢ ‘ 


The temperature difference between the casting tem- 
perature and the temperature of the mould is the main 
factor which determines the solidifying velocity of a 
molten metal and the cooling velocity of the solidified 
mass, and it often controls the microscopical structure 
of alloys. The casting temperature in No, 18 was 
71 deg. C. higher than in No. 6. The slight differ- 
ences both in the chemical compositions and in the 
highest, temperatures are quite negligible, as shown 
by the results. 

4. The Effect of the Temperature of the Mould.— 
The temperature of a mould partly defines, as well as 
the casting temperature, the solidifying and cooling 
velocities of a molten metal. Rather higher tempera- 





L.=Ledeburite, Ar.=Austenite (resolved). 


M= Marteneite. 


there is plenty of it in No. 14. This was probably due 
to keeping the mould at 1.125 deg. to 1.128 deg. for 
1} hours, so that the eutectic, being unable to solidify 
a could not deposit graphite. 

(ce 


No. of Per cent. Highest Casting Temp. of Mode of 
experiment. carbon. temp. temp. mould, Time. cooling. 
eg. Deg. Deg. Hrs. 
20 3.63 1357 1316 100) 8 Water 
23 3.42 1363 1322 900 7} — 
ng. 


In these cases the temperatures of the moulds were 
kept at 1,000 deg. C. and 900 dep. C. respectively for 
rather a long time. No. 23 did not contain even a trace 
of graphite, while No. 20 did. It is accordingly shown 
that graphitisation cannot take place at such a tem- 

rature as 900 deg. C., even when maintained for 74 

ours. 

(d) In summarising the three cases, it is shown that 
the temperature of the mould has some effect on graphi- 
tisation. Graphite was not found in the case of 900 
deg. C. A temperature of 1,100 deg. C. is the most 
favourable of the three. . 

5. The Effect of the “Time” of Annealing.—The 
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“time ’’ of annealing means, in other words, the rate 
of cooling of a mass in the earlier stage. 


(4) 
No.of Per cent. Highest Casting Temp. of Mode of 
experiment. carbon. temp. temp. mould. Time. cooling} 
Deg. Deg. Deg. Hrs. 
10 3.25 1356 1323 1100 3 Slow 
6 3.45 1336 1328 1100 1} o 
13 3.23 1361 1328 1100 + ae 
1346 1325 1100 0 


15 3.65 ” 

In these four cases no considerable microscopic 
change could be detected. Homogeneous graphitisation 
had taken place in every case. From this fact it may 
be concluded that when the temperature of the mould 
is 1,100 deg. C. there is no appreciable effect on graphi- 
tisation, whether the cooling of the metal begins 
directly after the casting or after three hours’ anneal- 
ing at the temperature. 


() 
No.of Per cent. Highest Casting Temp. of Mode of 
experiment. carbon. temp. temp. Mould. Time, cooling. 
eg. Deg. Deg. Hrs. 
14 3.42 1393 1327 1100 14 Water 
22 3.58 1325 1317 1100 + quench- 


in 

In No. 14 the microstructure was quite homogeneous 
throughout, and there was even distribution of 
graphite. On the other hand, graphitisation was not 
complete in No. 22, where graphite existed only in 
certain limited parte. 

In these cases, therefore, the “ time’’ seems to have 
exercised an effect apparently on ae ind 


gives a conclusion discordant with that of (a). 
(¢) 
No.of Per cent. Highest Casting Temp. of Node of 
experiment. carbon. temp. temp. mould. Time: cooling. 
Deg. Deg. Deg. Hrs, 
20 3.63 1357 1316 1000 8 Water 
21 3.60 1334 1318 1000 + quench- 


ing. 

In these examples graphite existed only in certain 
limited spots in both masses, and the structures were 
quite similar. So far as graphitisation is concerned, the 
“time ’’ seems to have no effect on the completeness. 
It must be concluded from (a) and (c) that the “ time ’ 
alone cannot exercise any appreciable effect on graphi- 
tisation, while (5) leads to an opposite conclusion. Ihis 
discrepancy may be explained if we assume the mini- 
mum length of the “time” necessary for graphitisa- 
tion to be, say 15 hours, and also the favourable effect 
of the slow cooling. 


6. The Effect of the Mode of Cooling.— 
(a) 


No.of Per cent. Highest Casting Temp. of Mode of 
experiment. carbon, temp. temp. mould. Time. cooling. 
Deg. Deg. Deg. Hrs, ad 

6 3.45 1336 1328 1100 1 Slow 

14 3.42 1393 1327 1100 1 Water- 
quench- 


ing. 

Graphite flakes were distributed throughout the mess 
in both cases, and their structural arrangement was 
‘similar microscopically. In No. 6 the ground mass 
consisted of pearlite and cementite (needle), while that 
in No. 14 was largely martensite. This shows that the 
difference of slow cooling and water quenching causes 
a change simply in the method of the decomposition of 
primary austenite, which constitutes the ground mass 
of the solidified metal, and is no serious factor in 
graphitisation. In other words, it shows that graphite 
crystals are not likely to be produced in the later stage 
of cooling. 


(6) 
No.of Per cent. Highest Casting Temp. of Mode of 
experiment. carbon temp. temp. mould. Time cooling. 
eg. Deg. Deg. Hrs, 
13 3.23 1361 1328 1100 + Slow 
22 3.58 1325 1317 1100 + Water- 
quench- 


ing. 
In No. 13 the distribution of graphite was fhomo- 
ay rng throughout, which was not the case in No. 22. 
t has been shown in No. 5 (a) that No. 13 and No. 6 
are similar with regard to graphite. While No. 13 
contains much graphite, it is open to question that 
No. 22 has a considerable amount of ledeburite, f.¢., 8 

small quantity of graphite in certain limited parts. 








On reviewing all the cases where the metal was 
quenched rapidly in water, we find that there prevails 
incomplete, limited graphitisation except in the case 
of No. 14. The queaching seems to prevent further 
graphitisation, i.e., further decomposition of cementite 
at the later stage (admitting for the present the decom- 
position theory .of graphitisation). Slow cooling, on 
the contrary, results in complete graphitisation. How- 
ever, No. 14 shows that a sufficiently high temperature 
of the mould and a sufficient “ time’’ will give com- 
plete graphitisation even when quenching takes place. 

If we consider the results of No. 6 together with 
those of No. 5, it may be concluded that graphitisation 
must take place at a certain early stage of cooling of 
the metal, covering some length of time, and is, of 
course, favoured by higher temperature. The length 
of ‘“‘time’”’ must be at least 14 hours (strictly speak- 
ing, longer than } hour) in order to get homdgeneous 
graphitisation, and the quenching after a shorter 
“time’’ than this will therefore result in partial 
graphitisation. The slow cooling in the present experi- 
ment may have, in some cases, served to increase the 
“time” (though this is not definitely certain), thus 
helping graphitisation in those cases where the “ time ”’ 
did not amount to that required length. 

It must be noted that the above remark holds good 
when the temperature of the mould is 1,100 deg. C., 
but is not true at 1,000 deg. and 900 deg. C. How- 
ever, it is already known that the temperature 1,100 
deg. is more favourable to graphitisation than the 
other. 

If this be the case, it is quite inconsistent to assume 
that the slow cooling (especially when it follows after 
a shorter “time ’’), can favour graphitisation, notwith- 
standing that the temperature is steadily falling below 
those temperatures, such as 1,000 deg. and 900 deg. C. 

The Authors’ Theory as to Graphitisation.—Graphite 
crystals are always contained in an austenite mass (re- 
solved) when they are directly produced by the slow 
cooling of an alloy. They are not necessarily to be 
ascribed to the decomposition of the eutectic cementite. 
The austenite areas, in which = crystals are 
resent, are intimately associated with the austenite 
islets which are scattered in the eutectic. They may 


not differ much in chemical composition. As the 
austenite islets are, without doubt, the primary pro- 
ducts from the molten alloy, the austenite b are 


also su ed to be the product within a similar period, 
$6. oo may appear side by side with graphite 
crystals at the eutectic point. : 

It is generally accepted that carbon exists as 
cementite in the molten iron-carbon alloys. It is pro- 
bable that cementite, being a compound, may dissoci- 
ate in the molten state into iron and carbon, even 
though the amount of the dissociation may be small. 
These free carbon atoms may serve as the nuclei for 
the graphitisation when the conditions are favourable. 

When an iron-carbon alloy( 2 < %C. < 43 )is allowed 
to cool sufficiently ry | the primary austenite crys- 
tallises out along the liquidus AB and the mother 
liquor reaches the eutectic composition B (Fig. 2). At 
this point, when the cool- 
ing is sufficiently slow to 
maintain the equilibrium, 
graphite will crystallise 
together with austenite, 
forming the eutectic, as 
there are a number of the 
nuclei already present. 
The deposition of the dis- 
sociated carbon from the 
molten system will bring 
about a further dissocia- 
tion of the molten cement- 
ite, as a general rule, in 
order to re-establish 
equilibrium. This process is repeated and graphite 
crystals are developed On the other hand, the residual 
molten alloy is diluted all the time by the ferrite, 
which is the contemporaneous product of the dissocia- 
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tion, and finally it will attain the composition A which 
corresponds with that of saturated austenite (2 per 
cent. carbon). We have thus a eutectic of graphite 
and saturated austenite in the final state, and the 
whole regulus consists only of graphite and austenite, 
the latter, of course, resolving into pearlite and needle- 
shaped cementite when cooled. 

If the favourable conditions for the solidification of 
this eutectic of graphite and austenite cease—for ex- 
ample, if the rate of the cooling of the melt becomes 
greater over a certain range—that process will no longer 
take place, and cementite will crystallise out of the 
molten alloy. The separation of cementite at the point 
B does not represent a true equilibrium; it is a tran- 
sitional and metastable condition. When the solidifica- 
tion of the alloy is not retarded sufficient:y until the 
whole becomes solid, “‘ mottled ” iron will be obtained. 

In the photomicrographs obtained by the authors, 
the portions with graphite crystals are regarded as 
consisting of the primary austenite and the eutectic 
(of austenite and graphite), the latter filling up the 
spaces between the ‘‘fir-tree form’’ of the primary 
austenite. The considerable difference in the dimen- 
sions of the constituents between the eutectic of 
graphite and austenite and the eutectic of cementite 
and austenite may be considered as the common pheno- 
menon when the alloy is slowly cooled on’ one hand 
and quickly cooled on the other hand. In these cases 


it has been found that there is no ferrite around the ~ 


graphite crystals, and the latter are intimately sur- 
rounded by the resolved austenites (needle cementite + 
pearlite). On examining the shape of the graphite 
crystals, it seems rather probable that they are the 
product of the molten mass, and not the product of 
the decomposition of cementite in the solid state. 








James Watt Centenary. 





August 25 of this year is the centenary of the close 
of James Watt's life. At a meeting of the engineers 
of Birmingham (the city of his adoption) it was decided 
that the occasion should not be allowed to pass with- 
out a celebration and the erection of a memorial, for 
which an international appeal is being made to all 
interested in the generation and use of motive power. 
A Provisional Committee has been elected and a 
scheme drafted. An inaugural public meeting was 
held in the Council House, Birmingham, on Thursday, 
at which the Lord Mayor presided. The provisional 
scheme, which was ‘eusaed, is as follows :—Celebra- 
tion :—(1) The Rector of Handsworth will hold a 
memorial service at Handsworth Parish Church, where 
James Watt, and also Boulton and Murdock, were 
buried, and where there is a James Watt Memorial 
Chapel, containing a monument to him by Chantry. 
(2) A garden party. (3) An exhibition of the Watt, 
Boulton and Murdock relics in the Council House, 
Birmingham. (4) A centenary dinner. (5) Addresses 
on the fife and work of James Watt and the progress 
of engineering science during the hundred years by 
eminent men. (6) Visits to places of interest in the 
neighbourhood. Permanent Memorial :—It is felt that 
in view of Watt’s original work, in both pure science 
and engineering, that the memorial to his memory 
should be of permanent value to both industry and 
science. With these objects in view it is proposed :— 
(1) To endow a professorship of engineering, to be 
known as the James Watt Chair, at the University of 
Birmingham, for the promotion of research in the 
fundamental principles underlying the production of 
power and the study of the conservation of the natural 
sources of energy. (2) To erect a James Watt Memo- 
rial Building, to serve as a museum for collecting 
together examples of the work of James Watt and his 
contemporaries, Boulton and Murdock, illustrating this 
interesting epoch in the history of engineering. The 
building would also serve as a meeting place and 
library for scientific and technical societies. (3) The 
publication of a memorial volume. 





Canadian Mission in London. 


_— 


The Canadian Mission, which has recently been 
established in London at 1, Regent Street, $.W.1, 
by the Dominion Government, was constituted by 
an Order of the Canadian Privy Council in Novem- 
ber, 1918, Mr, Lloyd Harris, who was appointed 
Chairman of the Mission, is a Canadian business 
man who has a wide knowledge of the new indus- 
trial Canada, which is one of the products of the 
Great War. He rendered valuable service to the 
Dominion and to the Allied cause as head of the 
Canadian War Mission in Washington, 

The serious tonnage position arising out of the 
war, coupled with the numerous restrictions put 
in force, both in the United Kingdom and in 
Canada, on import and export trade, tended to 
sever numerous old connections which had existed 
for generations between the Mother Country and 
the Dominion. It is one of the duties of the 
Mission to study the question at first-hand and to 
devise the means of re-establishing the traditional 
trade, Further, since in the great work of recon- 
struction and re-organisation to be itndertaken 
in Europe during the next few years in order to 
repair the devastating effects of the war, raw 
materials, etc., will be necessary, and many 
articles required can be obtained from Canada, the 
Mission hopes by means of negotiations with the 
Governments of the countries concerned to make 
arrangements for the supply of such goods to the 
advantage of all interests involved. It is also 
considering how, by a system of credits, to assist 
the Governments in purchasing the matetials. 

The resettlement of Europe is largely dependent 
on sufficient supplies of food being available and 


‘distribution being properly organised. The food 


can only be obtained by imports from countries 
having margins for export, or by increased produc- 
tion in Europe itself. Canada has large supplies 
which she is willing to place at the disposal of 
Europe, and by reason of the fact that she hes 
always specialised in the manufacture of agricul- 
.tural machinery and implements she is in a posi- 
tion to come to the assistance of the nations of 
Europe in their endeavours to produce supplies 
within their own borders. In addition to food- 
stuffs of every description, Canada has available 
for export such goods as paper and paper manufac- 
tures, timber and wood manufactures, including 
wood pulp, motor cars and other vehicles, petrol 
launches, leather and leather manufactures, hides. 
aluminium, calcium carbide, asbestos, iron and 
steel manufactures, copper, gold quartz, silver, 
nickel, coal, clothing, furs, agricultural imple- 
ments. bre 

Canada has large markets to offer British manu- 
facturers, for she is a large buyer; and she feels, 
too, that she can supply to this country many 
of the materials and manufactures which formerly 
were bought by Britain from the Central Powers. 











Correspondence. 

Sir,—May I take the privilege of asking through 
your valued paper, of which I am a reader, if any 
of your subscribers have proved the McLain’s System 
to be all that it appears to be. We are only a small 
firm, but we feel that we should like to make some- 
thing stronger than grey iron, and we think semi- 


teel would meet our purpose.—Yours, etc., 
gine K. E. W. 
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Fullwood Foundry. 


The Fullwood Foundry Company, Limited, was it has excellent rail facilities to serve other centres. 
incorporated in May, 1915, for the purpose of lay- The foundry building is covered by a single bay 
ing down a foundry and specialising in the produc- 285 ft. long by 60 ft. The floor, shown in Fig. 1, 
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View or Founpry. 


tion of ingot moulds, bottom plates and slag pots. is served by three electric cranes—a 50-ton with 
A site was acquired at Mossend, Lanarkshire, 10-ton auxiliary hoist, a 25-ton and a 10-ton, and 


Srockinc GrounD sHOWING CuPOLAS AND CHARGING PLATFORM. 


about 10 miles from Glasgow and 30 miles from in addition there are two electric wall cranes each 
Edinburgh, the Glasgow to Edinburgh main Jine of 1 ton capacity. ; 

of the Caledonian Railway bounding one side of There are two jolt ramming machines capable of 
the property. The foundry is therefore in the ramming moulds up to 15 tons and 10 tons respec- 
heart of the Scottish steel-making industry, whilst tively; the tables of these machines are sunk so 
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as to bring the top of the mould box to the floor 
level to facilitate filling. The method of stripping 
is somewhat novel; the mould with the pattern mn 
position is lifted from the ramming table to a 
plate above and at the side of the pit; bolts are 
passed through this plate into the bottom of the 
pattern, and the box is then lifted off by one of the 
cranes and carried to the pit, adjacent to the 
stoves, where any necessary patching is done. 
The core department, at the same end of the 
foundry as the stoves, has also a jolt ramming 
machine. The six drying stoves are arranged in 
one battery and served by trolley tracks. They 
are coke-fired, the method of firing, however, being 
somewhat unique. Each stove has an independent 
firing chamber consisting of a rectangular cast- 
iron box, lined with firebrick, with a charging hole 
on the top, and connected through chequered 
brickwork openings to the stove. Placed at the 
rear of the firing chamber is an electrically- 
driven fan, which delivers the blast through 
a two-way pipe to above and below the fire 


Electric power is taken from the Clyde Valley 
Electrical Power Company. The works control 
gear is on the separate unit system, and is housed 
in lean-to buildings, in a portion of which, fenced 
off, are two compressors which deliver to two re- 
ceivers at 100 lbs., pressure and are each driven 
through belts from 40-h.p. motors. 

Dressing in the meantime. is being dune in the 
open yard. In addition to the gantry crane already 
referred to, the storage ground for the mould 
boxes is served by a 7-ton derrick crane and a 
similar type of crane of 10 tons capacity serves 
the dressing yard. Throughout the yard, as also 
into the foundry, standard-gauge tracks are laid, 
and these are travelled by the company’s locomo- 
tive so that trucks can be loaded or discharged aé 
any desired point. 

Installed at a time of great stress, it .s small 
wonder that the foundry has been taxed to its 
utmost limits. Castings up to 70 tons can be made; 
and, as a matter of fact, the output for inst year 
was approximately 20,000 tons, and it became ~ 











‘ ExtTEeNsIONn IN Course or Erection. Orrices ON LEFT IN REAR. 


level, both pipes being controlled by dampers. 
When lighting up, the bottom inlet only is used, 
and when the heat has developed, this damper is 
shut in so as only to admit sufficient blast to main- 
tain a hot fire. The top damper is then opened 
and delivers its blast across the fire into the stove. 
The stoves are served by a chimney merely suffi- 
ciently high to carry off the gases. The loading 
platform for feeding the combustion chambers is at 
a poet, so that there is a minimum handling 
of fuel. 


‘The foundry floor is provided with four casting 
pits which are conveniently placed to the three 
side by side cupolas, each of which is capable of melt- 


ing down 14 tons of iron per hour. The charging plat-. 


form, which is common to all three, is served by a 
10-ton crane, the gantry of which extends completely 
across the stocking ground. 


Blast for the cupolas is supplied by two fans 


housed in a dust-proof building. A lean-to build- 
ing covers the patternmakers’ and joiners’ shops. 


necessary to lake extensions. The| structural 
material to increase the length of the building by 
85 ft. is now erected, and the extension will be 
entirely completed in the course of the next few 
weeks. 

To serve the extension, a 10-ton electric overhead 
crane will be installed. 








Tue Scottish TronFitrers’ Assoctation have lodged 
an application for an advance to time-workers of 15s. 
per week, and for a consolidation of wages and bonuses 
at present being paid. The Falkirk piece-workers’ 
claims have been considered at a joint conference, but 
no decision has been arrived at. 


At a recent meeting of the status committee of 
the Society of Engineers, it was agreed that members 
should increase their fees (other than those charged 
as a commission) by 334 per cent.,‘and that the 
fees mentioned in ‘‘ Professional Practice in Engineer- 
ing, Part I., Consulting Engineers ’’ should be altered 
accordingly. 
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The Carburisation of Iron at Low 
Temperatures. 





By Anprew McCance, D.Sc., A.B.S.M. (Glasgow). 
(Abstract.) 

The object of this short note is to show how an 
insight into the reactions taking place can be obtained 
from the consideration of the variation of the equili- 
brium conditions with temperature. To begin with, 
pure CO tends to decompose according to the reaction 


2COmC+CO, ee a ee eer Sea 


and the composition of the mixed gases at any tem- 
perature can be ascertained by passing CO, over 
carbon. The reverse reaction, however, is very difficult 
to bring about without the use of catalysts. Iron is 
one of these catalysts, and when pure CO is passed 
over iron decomposition starts with the deposition of 
carbon. The action is a surface action—it is only the 
gas in contact with the iron which is decomposed, but 
convection and circulation cavse this decomposed gas 
to be replaced by fresh gas, and so the average con- 
tent of OO, in the total volume gradually but slowly 
increases. 

The composition of the gas at atmospheric pressure 
in equilibrium with carkon can be ascertained by means 
of the equation given by Carpenter and Smith and 
slightly modified for convenience, where z is the pro- 
portion of CO 

log - 
l-z 





8290 
aT lat T 


and curve 1, Fig. 1, gives graphically the percentage 
of OO, plotted against temperature. At 650 deg. C. 
it will be seen that the composition of the gas is 
61.5 CO, and 38.5 OO, giving a ratio Ws of 1.60. 

As the gas in contact with the iron undergoes this 
slow enrichment with OO, at different times, depending 
on the amount of CO; present, other reactions are 
possible and will take place within the limits of com- 
position assigned to them. By drawing a diagram of 
the OO, percentage and the temperature for each 
reaction the chemical changes taking place can be very 
readily seen. This diagram ig given in Fig. 1]. 
Curve 1, as already explained, gives the. compositions 
for equation (1). 

The next reaction which can be considered is the 
formation of cementite— 


3Fe+2CO=Fe,C+CO, ... ae pe dee ~~ @ 


and using the same symbols as before, the equilibrium 
constant is 
1-z 
K=—— 


z*P 


Schenk gives the value ofp at 650 deg. as 31,600, 


measuring P in millimetres, and this has been used to 
calculate the composition at any temperature from the 
equation— 


equation (2) are given by curve 2, and they show that 
et 650 deg. C. a gas containing 2.3 per cent. CO, is in 
Curve 1.—2COmCO, + C. 
» 2.—BFe+2COm FesC + CO,. 
» 8.—Fe+ CO.=—Fe0+CO. 
, 4 —BFeO + 8CO,—Fe,C+4C0,, 


equilibrium with cementite and iron. The proportion 
increases rapidly as the temperature is lowered, and 
at 575 deg. C. it is roughly 19 per cent. If less than 


the equilibrium percentage be present at any tem- 
perature, then cementite will be formed, while if more, 
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cementite already formed will be reduced again. The 
ercentage varies with the pressure as well, and when 
ess than atmospheric the percentage is also reduced. 
Under normal conditions it will only be in the very 
early stages of the process that cementite can be 
formed from iron direct through the action of pure OO. 

As the OO, content increases a stage is reached 
when the iron is oxidised by the mixed gases according 
to the reaction— 


Fe+CO,=Fe0+CO .. ws . (3) 


which is independent of the pressure. At 650 deg., if 
the gases contain more than 42 per cent. CO,, the 
iron will be oxidised to FeO. 

Near the surface of a piece of solid iron in pure CO 
the CO, percentage will rise rapidly owing to reaction 
(1), and the CO, will then diffuse away into the eur- 
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rounding gas, but if the percentage gets over that 
required by equation (3) before it diffuses, then ferrous 
oxide will be formed, and this in spite of the fact that 
the average composition is below the requisite amount. 

Ferrous oxide can be converted directly into cement- 
ite by the action of CO, however, 


8FeO+5CO=Fe,C+4CO, ae eee eee (A) 


and the composition curve for the mixed gases has 
been drawn in curve 4. 

The striking result shown by this curve is that above 
550 deg. C. ferrous oxide is more easily converted into 
carbide than pure iron. At 650 deg., for instance, pure 
iron can only be converted into cementite when less 
than 2.3 per cent. of OO, is present in the CO, whereas 
ferrous oxide can be converted up to 23 per cent. CO,. 
Under normal conditions, when the iron will be ex- 
posed to the action of air in the gases to which it is 
exposed, the limite for the formation of cementite will 
be the limits in the composition of the gases for re- 
action (4). ; 

In blast-furnace gas the présence of free air assures 
the presence of ferrous oxide, while the nitrogen lowers 
the partial pressure of the carbon gases. Thus, al 
though the equilibrium value of OO, for reaction (4) is 
23 per cent. under atmospheric pressure, when the gases 
are diluted with 55 per cent. nitrogen the value is 
reduced to 20 per cent. In the original report of 
Byrom, the blast-furnace gas had a CO+00, 
of from 18 to 17 per cent., which is well under the 
equilibrium value. Such gases would therefore be 
expected to carburise iron at any temperature below 
about 660 deg. C., while below about 500 deg. C. 
the rate at which the actions take place would be so 
low that no appreciable effect could be observed. 


ratio 
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* Peitth Report of the 
of the Institute of Metals. 





Corrosion Committee 








By Guy D. Bengough, M.A., D.Sc., and O. F. Hudson, D.Sc. 


(Summary.) 

The report is divided into three main parts. The 
first deals with the question of the nature of the 
actions that take place when metalg such as zinc, cop- 
per, aluminium, and alloys such as 70: 30 brass, cor- 
rode in neutral or nearly neutral liquids, e.g., distilled 
water and sea-water. The second section is devoted to 
the consideration of the behaviour of condenser 
tubes in similar liquids, and the variations in behaviour 
in different samples of tubes of nominally the same 
composition. In the third section an attempt is made 
to set out in some detail a statement of the practical 
problems of corrosion, which appear to the authors to 
be very different from what is usually supposed. A pre- 
liminary account is also given of experimenets carried 
out with the object of testing an electrolytic (the Cum- 


_ Causes of Condenser Tube end Ferrule Corrosion. 


covered with a partially protective scale, which con- 
sists largely of oxide or basic carbonate. Water con- 
taining CO, can attack or dissolve the oxidised layer, 
and zinc can then be found in solution as a slightly 
soluble bicarbonate. The attack on the ecale begins 
at certain points, and a true metallic surface is exposed 
to the action of the water. At such places a peculiar 
form of oxide is formed on the surface of the metal. 
Probably this oxide contains zinc peroxide, and exerts a 
catalytic action on the underlying metal. It is slightly 
soluble and passes into solution, and is afterwards 
largely precipitated as the ordinary hydroxide and car- 
bonate. The precipitated . hydroxide has a dis- 
tinctly protective action on the metal beneath it, and 
reinforces the original scale and enables it to resist the 
action of CO,. The action is thus localised. In the 


(Water side only considered.) 





Cause. | How produced. | 


Nature of action. How to be remedied. 





A. Foreign bodies carried | Al. 4 ferric hydrate flakes from | Complete corrosion «, the || Al. Paint the pipe line and water 
in and accumulation of water ends. oxide disintegraticu type ends. Inc ease water speed. 
products. A2. By ashes, clinkers, etc. causing local action. | Al, A2, and A3. 


A3. By sludge of sorts in water supply.| 


B. 


Acid or other bad or 
variable water supply. | B2. ag canal supplies, ¢.g., ship | 
| cana! } 
| B3. Some well supplies. 
B4. Some estuarine supplies. 
B5. Some cooling tower arrangements | 
C. Temperature in conden- | Cl. Hot inlet water, e.g., tropical. 
denser too high. } = 2. Slow water s 
Partial blocking of tubes. 


If worth while trap 
the water supply or pote it ——_ 
a ek In some 

water speed. 


Bl. Some river supplies, e.g., Tyne. | Complete corrosion and rapid cow —— mater supely slightly alkaline. 


= eye Some- | 


ibes adapted to the 
times slight uniform de- | 


* conditions. 


zincification. 
| Cl. Dezincification. ClandC2. Use special tubes. 
i oy + meamammaae ise on speed. 





D. Undue aeration. Di. Errors 2 pump and pipe line | Di. od corrosion of | Dl. Remedy air leaks, etc. 
| arrange oxide disintegration type. 
| D2. Eddies 1 eent r inket causing water- | D2. Complete corrosion of D2. Special ferrules. Possibly in- 
line effect. | pitted areas. | creasing speed of water with 
} | modified design of water end. 
E | El. In manufacturing. 


of 


4 _——— compentiten | | EL a or impurities in too great | El, Varies. 





unt. 
| Ee. “Surface of tube not sufficiently | E2. Dezincification. E2, Probably by attention to details 
| copper rich, of annealing and pickling during 
| | manufacture. 
| 
F. Defective packing of; F1. Leaks caused by perishing of the | F1. Varies. Fl, Use good tape packing. Red 
tubes. packing material, especially in | lead is sometimes useful to prevent 
acid water. leakage. 
F2. Collapsing of tube. | F2. Varies. | F2, a not crush tube when inserting 
| | it. 
G. Physically bad surface | Gl. Foreign bodies caught and | G1. Complete corrosion and | G1. During manufacture. 
of tube ; ¢.g. bad spills trapped which would otherwise be | oxide dezincification. 
and laminations. swept away. al 
| } 
H Thermo-electric action | H. By steam impinging directly on | H. Dezincification. | Hl. Only occurs in condensers of old 


in condenser. | cabes, or being improperly dis- 
u 


I. Too slow water speed. | I. Gases given off inside tube and not 


| 
| 
immediately swept away. 
| 


berland) 
process. 


process of protection, and a pre-oxidising 


Part I1.—Nature of Corrosive Action. 


The current theories of corrosion are briefly con- 
sidered. The difficulties in the way of making a true 
quantitative determination of the amount of corrosion 
are discussed, and shown to be almost insoluble in cer- 
tain cases with existing methods of analysis. Mere 
‘loss of weight ’’ measurements, unsupported by de- 
tailed analyses of scale and metals in solution, are con- 
sidered to be of little value in many cases, and might 
be replaced with advantage by microscopic work. 

The action of distilled water on metallic zinc has 
been etudied in some detail, and the following con- 
clusions have been reached. "Metallic zinc is normally 


I, Complete corrosion near | I. Increase speed of water. 
use 


design when steam is not properly 
distributed. 


Do not 
main condenser for auxiliary 
machinery import. 


inlet end. 


presence of very large amounts of OO,, as, for instance, 
when the water is kept saturated by bubbling CO, 
through it, the products of corrosion are largely kept in 
solution and local action is almost entirely avoided, 
though the total amount of corrosion that takes place 
is increased. This is due to the fact that almost the 
whole of the original scale ig removed by the solvent 
action of the water, with the result that further oxida- 
tion of the metal can take place, and further solution. 
In the case of very dilute acid, such as acetic, the 
action consists in the replacement of hydrogen by zine, 
but the action is not severely localised as in the case 
of distilled water ; there are no local accumulations of 
the products of corrosion, and consequently the action 
is much more nearly uniform. There is no evidence 
that dissolved oxygen can act as a depolariser ; hydrogen 
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is given off as gas. The authors come to the conclusion 
that the initial action of distilled water on zinc is a 
process of chemical oxidation rather than electro- 
chemical displacement. The action of sea-water on 
zine is also chemical] rather than electro-chemical, and 
local action in this case also is due to the local accu- 
mulation of the products of corrosion. 

The action of distilled water on copper is also chemni- 
cal oxidation. There is no preliminary electrolytic 
action, even in the case of a surface of metallic copper 
known to be free from oxide previous to immersion. 
The oxide formed over the general surface immediately 
after immersion is a lower oxide, either Cu,O or 
Cu,O. In course of time it becomes further oxidised 
at irregularly distributed spots, and the product thus 
formed does not protect the underlying metal from 
oxidation to the same extent as does the original tar- 
nish layer. The dark oxidation product itself, which 
is probably a cupric hydroxide or basic carbonate, 
tends to flake off the metal, probably owing to the 
formation of bulky oxidation products beneath it. The 
latter are porous, and apparently amorphous, and pro- 
bably act catalytically by increasing the sate of oxida- 
tion of the underlying metal. The aniorphous oxide 
is slightly soluble, but is finally precip.tuted from solu- 
tion as crystalline cuprite, which has a lower solubility 
than the amorphous oxide. The resu!t of the action, 
continued in time, is to cause shallow pits in the metal. 
Such pits are much less important tian in the case of 
zinc. In the case of some further experiments, how- 
ever, this pitting action was not developed, and the 
only action that could be observed was the formation 
of thick layers of oxide over the whole surface of the 
metal. These layers do not necessarily remain of 
uniform thickness over the whole surface of the speci- 
men, but pronoanced local action does not occur. In 
rare cases appearances are found on metallic copper, 
which the authors have only been able to interpret on 
the assumption that they are little electrolytic cells, 
but the phenomenon is so rare that it is unimportant 
in comparison with the main action already described. 

The principal action of sea-water on copper is again 
one of chemical oxidation. The action may be local- 
ised by the accumulation of the products of corrosion, 
under certain conditions. It has been found that the 
aeration of one of a pair of copper electrodes causes 
that electrode to be slightly electro-positive to the 
other. ‘The effect on the rate of corrosion of the 
E.M.F. so set up was, however, found to be quite 
small, and less than the effect of other physical factors, 
such as the rate of flow of the corroding medium and 
the degree of aeration. The conclusion has been formed 
that differences in the rate of oxidation have a greater 
effect on the amount of corrosion than small differences 
of potential. 

A number of experiments have been made to ascer- 
tain the effect of coupling together electrodes of 
different metals, and immersing them in different elec- 
trolytes. The behaviour of such couples wag by no 
means always such as would be expected from electrode 
potential lists. In some cases the couple behaved in 
the reverse way to that which was expected, and in 
others the effect of the couple in increasing the 
corrosion was much less than expected. The 
effect of a couple is greatly decreased if the contact 
between the electrodes is not very carefully made. 
It is probable that the effect of couples in some of 
the practical problems of corrosion has been over- 
emphasised rather than the opposite, as sufficiently 
ood contact for large effect does not usually occur. 
fe has been definitely established that a metal may 
be oxidised and pass into solution in spite of the 
fact that it has eo continuously maintained as a 
cathode, and the laboratory result has been confirmed 
on the practical scale by experiments carried out with 
an electrolytic protection of condenser tubes (the 
Cemberinnd guedeeh, 


A preliminary study of aluminium and certain light 
alloys in distilled water and sea-water has been carried 
Local severe pitting at or near the water-line is 


out. 
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described and discussed. It is shown to be due to 
the presence of a strongly acid salt. 

An attempt is made to introduce a definite system of 
nomenclature into the terms used in the study of the 
corrosion of binary alloys, in order to avoid the con- 
fusion which at present obtains. In certain cases pre- 
cise definitions cannot yet be formulated, as in the case 
of 70 :30 brass, owing to the difficulty of distinguish- 
ing between residual metal and redeposited metal. 

‘he nature of the action of distilled water on 70 : 30 
brass has been studied in detail by means of the micro- 
scope and analytical methods. The action is considered 
to be the chemical oxidation of the copper and zinc, 
and the partial solution of the oxidised products. Most 
of the zinc passes into solution, in the presence of CO,, 
and part of the copper, the remainder of both metals 
remaining on the surface of the alloy as an oxide scale. 
The scale becomes further oxidised and altered at 
certain spote which become covered with thick deposits 
of the products of attack. Such deposits are porous 
and allow, and probably accelerate, local attack on the 
underlying metal. The attack is accompanied by re- 
deposition of copper by displacement by the zinc either 
electro-chemically or otherwise, and precipitation of 
cuprite. There are signs of slight local dezincification 
at such places, but the attack over the general surface 
of the alloy is complete corrosion. The positions at 
which Jocal attack and pitting take place are not de- 
termined by the variation in the electrical properties 
of the original metal, but by the conditions of the ex- 

riment. In the presence of dilute acids, such as 

Cl and H,SO,, local action of the type described 
does not occur, since there is little or no local accumu- 
lation of oxidation products. On the other hand, the 
absence of CO, retards the action. From the analytical 
data it appeared that the locai action in the case of 
distilled water increased with time, while the rate of 
eneral corrosion over the whole specimen fell off. 

hese facts suggest the fallacy of loss of weight tests. 
since local action is more important practically than 
general corrosion. 

The action of sea-water on brass has been studied on 
the same lines as that of distilled water. The action 
is considered to be similar in type. Local pitting and 
dezincification are due to the accumulation of the pro 
ducts of corrosion. Under certain conditions redeposi- 
tion of copper may occur. The rate of corrosion is 
much greater than that in distilled water, and does 
not fall off so rapidly with time. At the ordinary 
temperature there is less tendency to local dezincifica 
tion. 


Part II. - Corrosion and Protection of Condenser 
Tubes. 

The form of the surface of certain condenser tubes 
of 70:50 brass has been studied in detail. The 
presence of a iayer that dirfers in its behaviour towards 
corrosive agents from the underlying metal has been 
identified in several different ways. In many cases 
this layer is probably richer in copper than the alloy 
beneath it. In such cases the tube may resist dezin-i- 
fication ir. a marked degree for long periods; in other 
cases the surface layer probably has nearly the same 
composition as tne rest of the tube, and in such cases 
strong dezincification may take place in sea-water at 
about 50 deg. C. Tubes from the same batch of manu- 
facture usually resembie one another as regards the 
nature and properties of the layer, and tubes from 
different batches, even though made by the same 
maker, may differ. Thus an important factor as 
regards dezincification is the nature of the tube, but 
the kind of surface that best resists dezincification does 
not necessarily best resist other kinds of attack. Means 
of controlling the surface layer have not yet been 
worked out, put the problem does not appear to be 
insuperable, and is receiving attention. The condition 
of the surface jayer should be adapted to the conditions 
under which the tube will be used. 

In many cases local action may be initiated on con- 
denzer tubes by the action of certain bodies, which 
themseles appear to take no direct part in the action. 

















Such bodies are sand, calcium carbonate, ferric hydrate, 
glass, clinker, and coke. The amount of action that 
takes place varies with the physical properties of the 
substance. The action is associated with the accumu- 
lation of products of corrosion, and may be largely 
assisted by them. The nature of this action is of well- 
marked type, and has been provisionally called oxide 
disintegration. It is usually characterised by inter- 
crystalline oxidation. Actions of this kind are of 
great importance in many cases of corrosion on the 
practical scale. 

A preliminary study has been made of the action of 
very dilute acids on copper, 70:30 brass, and Admi- 
ralty alloy. ‘the matter 1s important technically, 
because supplies of water in certain parts of the coun- 
try are slightly acid. The strength of acids used were 
between 5 and 10 parts of acid in 100,000 of water. 
Both HCl and H,SO, were used. Acids of these 
strengths greatly accelerate corrosion and alter the 
type of action. The attwk of the two acids, even 
wher. of equivalent strength, differs both in extent and 
character, that of HCi being greater and more selec- 
tive. Admiralty condenser tube was decidedly more 
resistant than 70 : 3C brass to the action of dilute acids. 


Part II!.—Notes on Practical Problems of 
Corrosion. 

This part of the Report deals with the subject of 
corrosion under practical conditions as it appears to 
the authors. The views expressed are founded upon 
their general experience both in the laboratory and in 
connection with working conditions 0: actual plants. 
Unfortunately, the conditions in a practical plant are 
never known in full detail. Evidence as to the cause 
or causes of corrcsion rests on a comparison of the cor- 
roded tube with others which appear to be similarly at- 
tacked under conditions that are more precisely known. 
One degree of probability, therefore, which attaches to 
these views must be regarded as lower than that based 
on conclusions drawn from laboratory experiments. 

The authors express the view that corrosive attack 
on condenser tubes is more diverse in character and 
more complicated than has been generally supposed. 
The first action is one of chemical oxidation, and, 
secondary actions are of great importance. No one 
single remedy is likely to be found effective for all the 
different kinds of attack which occur in practice. The 
nature of the tube used and the protective measures 
chosen should be dependent on the particular set of 
conditions. 

The following is a set of conditions under which a 
70: 30 brass condenser tube should have a minimum 
life of twenty years:—(a) Only clear water to enter 
the tube, or water which will not deposit suspended 
matter. (b) The water must be free from gases in 
suspension, and must not contain more than the normal 
amount of air in solution. (c) The water must be 
neutral or not more than very slightly alka'ine. It 
must be free from ammonia and certain other specially 
harmful substances, which are, however, of compara- 
tively rare occurrence in technical waters. (d) The 
temperature of the cooling water in the hottest part of 
the condenser should not exceed 35° C. (e) The speed 
of the water should be about 5 or 6 ft. per sec. (f) 
The steam should he properly distributed in the con- 
denser, uccording to the best modern practice. <A 
water supply which varies considerably in composition 
at different times of the year involves special problems 
and must be excluded from the above statement at 
present. 

In practice tubes fail sooner than the period stated, 
becxuse the normal slow roughening of the tube by 
chemical oxidaiion is localiy speeded up by factors 
which are for the most part inde ent of the tube. 
This way of treating the subject is the inverse of that 
usually adopted. A preliminary attempt is made to 
gather the more important of these factors into a 
tabular statement, which is given herewith, The state- 
ment is to be regarded as a skeleton structure, which 
will be emended and filled in as experience accumu- 
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lates. In practice factors set out separately in the 
table may act jointly. Causes of corrosion are not 
arranged in the table in order of importance, since this 
order varies in different types of installation. The 
effect of water speed on the rate of corrosion is briefly 
discussed ; ite effect varies with the type of corrosion. 

The effect of the preserce of a scale on the rate of 
corrosion_is considered to be of great importance. Of 
the substances that commonly occur in scale calcium 
carbonate is one of the most important. Its effect 
varies with its physical condition. It may exert 
almost any kind of effect from a considerable degree of 
protection to a serious attack. 

Some observations are described on the effect of a 
form of eiectrolytic protection (the Cumberland pro- 
cess) at the Southwick Power Station of the Brighton 
Corporation. The conclusion is reached that the pro- 
cess ensures a prolonged lite for the tubes under South- 
wick conditions. provided that it is applied to new un- 
corroded tubes. The process should be applied continu- 
ously and not intermittently. The eothens consider 
that the thin uniform scale which is maintained on the 
tubes by the process is an important factor in prevent- 
ing serinus corrosion. One of the important functions 
of the scaie is to prevent contact between the tube and 
harmful deposits and products of corrosion ; in addition 
it slows down, but does not entirely prevent, the 
general oxidation of the tute. The authors consider 
that further evidence is necessary before the value of 
the process can be estimated as regards prevention of 
corrosion in certain kinds of water other than sea- 
water. Other _— methods of protection are briefly 
considered, and a preliminary account is given of a pre- 
oxidising process for reducing the rate of corrosion. 


ote 


HUME PROCESS.—We had occasion to refer to the 
Hume process for making pipes which are stated to oust 
cast-iron pipes in South Africa and Australia. A 
Tasmanian paper now reports that the first of the 600 
concrete cylinders to be used instead of wooden 
piles in the construction of the wharf inside 
the new breakwater at Burnie, for the accommodation 
of deep sea vessels, was turned out recently by the 
Hume Pipe Company, the contractors for the work. 
The firm’s plant has been installed in the blockyard 
at the harbour, and the proceedings were in the nature 








of a trial. The concrete cylinders are 10 ft. long by~ 
4 ft. 64 in. in diameter, the concrete bein 
12 in. in thickness. To produce them a stee 


cylinder is placed on four wheels, and driven 
by an electric motor, revolving at the rate of 
from 250 to 300 r.p.m., the concrete is thrown in, 
and the centrifugai force thus produced gets rid of 
the water. It takes about a quarter of an hour from 
the time the mould is set in motion until the concrete 
cylinder is ony for removal, which is then lifted to 
a storing place by a crane. Three 12-in. pipes can be 
turned out in seven minutes. The firm make down to 
4-in. pipes, and the moulding cylinders revolve at a 
much more rapid rate for the smaller work, decreasing 
in speed with the :ncrease in the size of the pipe. To 
obtain the necessary height in constructing the wharf, 
the concrete cylinders will be placed on top of each 
other, cemented together, and secured by an 8-in, steel 
band on the outside at the joint. The hollow space 
in the cylinders will be filled with sand. The Home 
Pipe Company have secured orders for large quan- 
tities of concrete piping. The Ladysmith Munici- 
pality have ordered 5,400 ft. for 250 lbs. working pres- 
sure. Gold — companies have ordered piping for 
ressures from 150 lbs. down to 50 lbs. Other orders 
ave come in from count districts for culverts, 
drains, etc. A further consignment of new plant has 
arrived, which will enable the works at Germiston to 
be doubled in size and ovtput. Some excellent test 
results have been obtained with pipes. Two lengths of 
4-in. pipes jointed together with a Hume collar joint 
have been tested to Ibs. per sq. in. without 
ing any signs of leakage or sweating. 


Ow- 
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Wear and Tear of Large Gas- 
Engine Parts. 





The subject of suitable materials for wearing parte 
of internal-combustion engines has been so much to 
the front of late, and is so intimately associated with 


the question of cast iron, that the following particu- 
lars will be of considerable interest to foundry 
readers :— 


In the course of a Paper on the “ Installation and 
Working of Large Horizontal Gas Engines,’’ read at 
a meeting of the Cleveland Institution of Engineers 
recently, Mr. H. Pixirnc (Manchester) submitted 
data based upon replies received from various firms 
to questions addressed to them regarding the actual 
amount of wear and tear noted by them in their large 
gas engines. It was pointed out that the firms in 
question had had several years’ experience with large 
gas engines of the horizontal type, and that the said 
are had not included many improvements recently 
effected. 


CYLINDERS. 

Firm A. About 0.03 in. of wear per year on diameter 
(at the worst point). 

Firm B. About 0.15 in. per year. 

Firm C. About 0.04 in. per year. Re-bore after 7 

ears. 

Firm D. Been running up to 9 years without re- 
boring. 

Firm E. About 0.02 in. per year. 

Firm F. Average wear 0.03 in. per year. Liners last 
five years before requiring re-boring or re- 
newing. 

Pistons. 

Firm A. Require renewing after 4 to 5 years, owing 
to ring grooves becoming too wide. 

Firm B. 5, age life. (Cast iron pistons of medium 
size. 

Firm C. Cast steel, same experience as Firm A. Life 
of cast iron piston (old type) uncertain; 
average 15 months. 

Firm D. [Indefinite life (Cast iron). 

Firm E. No sign of failures after one year. 

Firm F. Average life three years, but improved 
pistons have so far shown no signs of failing. 
All pistons of cast iron. 

Piston Rops. 

Firm B. Re-turn after six years. Wear about 0.04— 
0.05 in. per year. (Measured on diameter.) 

Firm C. Life 6 to 8 years. Wear 0.06 in. per year 

Firm D. Mostly not yet re-turned after 8 to 10 years. 

Firm F. Wear about 0.01 in.—0.02 in. per year. 

Piston Rrnos. 

Firm B. Life 14 to 2 years. Wear 0.25 in. of thick- 
ness per year. 

Firm C. Life 1} years. 

Firm D. Life several years. 

Firm E. Wear about 0.03 in. of thickness per year 

Firm F. Life nine months. 

Strurrinc Box Rives. 

Firm B. Life 4 to 5 years, 

Firm F. Life very variable; anything up to two years. 
Depends on condition of piston rod. Hot 
piston rod generally destroys the packing. 
Gas Encinz CLEANING PRACTICE. 

Firm B. Wash out cylinder, cylinder cover and ex- 
haust inner casing jackets every three 
months. Genera] internal inspection every 
six months. 

Firm C. Wash out cylinder jackets every six months. 
Clean stuffing boxes every 4 to 6 weeks. 
Attend to ignition plugs every 4 to 6 weeks. 
Genera] inspection every 12 months. 

Firm D. Wash out cylinder jackets every three 
months. 


Clean exhaust valve seats every six months. 
Clean inlet valve boxes every five to six 
months. 
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Clean stuffing boxes every nine to twelve 
months. 
Wash out cylinder jackets and cylinder cover 
every 10 to 12 weeks. 
Clean exhaust valve seat jackets 
every 4 weeks. 
Clean inlet valves every 8 to 9 weeks. 
Clean governor gas valves and hand regu- 
lating valves every 4 fo 5 weeks. 
Clean gas stop valves on cylinders every 8 
to 10 weeks, 
Summary of Replies re Gas Engine Troubles. 
Lance ENGINES. 
Firm A. Fracture of piston rods at couplings, due 
probably to misalignment. 
Leakage of water from piston rods past 
internal fittings. 
No other troubles. 
Mepium ENGINEs. 


Firm F. 


about 


Firm B. Exhaust valves were at first water-cooled and 
troublesome. Not water-cooled now and 
are satisfactory. 

Cylinders of single-piece design fractured. 

Cover and Exhaust valve boxes fractured 

due to defective castings. 

Materials must be of the best. Gas must 

be clean and free from tar and dust. 
MeEpIuM AND LARGE ENGINES. 

Firm C. Cylinders (built up); no troubles. Pistons 
cracked. New designs have effected im- 
provement. 

Stuffing Boxes.—Old type gave much trouble 
with hot rods. New design gives no 
trouble and runs much longer without 
cleaning. 

Exhaust Valve Seats and Boxes.—Trouble 
experienced with the joint of the seat to 
the cylinder of the old design. 

Firm D. Exhaust pipe fractures due to undue rigidity 
and unequal expansion. 

Firm E. Exhaust pipe fractures as Firm D. New 
type ready, but not yet at work. 

Firm F. Troubles generally due to the heating up of 


the piston rods in the stuffing boxes. 
No serious difficulties experienced. 

The statements and data given above, the author 
continued, indicate that during the past decade when 
the general status in respect of 1mproved manufacture 
had not attained to the high point prevailing to-day, 
even such maintenance charges as are indicated by the 
returns do not seriously reduce the dividend-earning 
—— of a gas-engine installation. 

ividing the responsibility of upkeep between the 
makers of the engine and the users of the engine, the 
position is as follows:— 
he makers are responsible for :— 
(a) The general design and suitability of the engine 
as a whole. 
(6) The materials used in the manufacture of the 
engine. 
(c) The workmanship used in the engine. 
(d) The erection of the engine. 

In respect of workmanship, particular care requires 
to be paid and the utmost degree of perfection attained 
to ensure the absolute dead alignment and squareness 
of the crankshaft with the engine and of the cylinders, 
and various guides. In particular, the piston rods and 
cross-heads must be axially perfectly true with each 
other and with the cylinders in which they work. 

The users of the engine are responsible for :— 

(a) Providing clean gas at the right temperature 
(Hot or dusty gas should be: unthinkable.) 

(6) Good soft water. This should be regular in 
quantity and at a satisfactory temperature. 

(c) Lubricating oil, regular and of right quality and 
quantity. 

(d) Systematic cleaning of gas pipes and water jackets. 

(e) Systematic inspection and cleaning of cylinders and 
valves to remove dirt, carbon and other deposits. 

({) Proper maintenance of spare parts, ignition plugs, 

spare exhaust valves, piston rings, piston rod pack- 


~ 























ing rings and such other detafls as are necessary 
to secure the requisite continuity of operation. 

(g) Closing up brasses, preventing knocking, and in 
particular maintaining true alignment of the piston 
rods, in the event of the slide blocks wearing or the 
foundations settling. 

In conclusion, the author mentioned some of the 
special features which had been developed or introduced 
in recent years, 

(a) Adoption of built-up cylinder with liners to elimin- 
ate casting and expansion stresses. 

(b) New method of fitting piston rod whereby the 
position of the piston on the rod is adjustable. 
This is of great value when dealing with spare 
parts, inasmuch as any spare piston or rod can 
be accurately fitted in position so that the piston 
rings come exactly-to the edge of the bell mouth 
in each case, although the cylinder dimensions may 
not in each case exactly coincide. 

(c) New type of piston rod packing, whereby the 
whole packing is much more accessible for cleaning, 
overhaul, inspection and repair, without the neces- 
sity of removing same from the rod. 

(d) New type of exhaust valve box, with renewable 
valve seat, and also special arrangements for 
detecting any leakage between the exhaust valve 
box and the cylinder body. ‘his is calculated to 
save in many cases the renewal of a cylinder. 

(e) New arrangement of exhaust pipes and new design 
of expansion joint, with a view to avoiding 
fracture. 

(f) New type of piston free from bending stresses. 
With this type of piston the liability to fracture 
due to Bending stresses is greatly reduced. 

(9) New frictionless air valve for blowing cylinder. 

This valve is even superior to certain well-known 

German valves. 

Improved arrangement of powerful servo-motor 

governor for the electric generating engines. 

(i) New arrangement of ignition switch board, with 
visible indication of correct functioning of all 
igniters. 

(j) Improved and simplified inlet valve arrangement. 


(i 


— 








The Webb Electric Steel Furnace. 


According to ‘‘ The Iron Age,”’ the principle of the 
Webb furnace is a radical departure from the usual 
practice. It has been the custom of engineers to design 
furnaces to operate on low voltages. In most cases 
100 volts or thereabouts have been found best. It 
has, of course, been realised that if a higher voltage 
could be used without sacrificing good working con- 
ditions and results, an advantage would -be gained in 
the size and the consumption of electrodes, the amount 
of copper necessary in bus bars, etc., the adjustment 
of the arc, and in general a less cumbersome furnace. 
The fundamental principle or way in which the arc is 
formed or fed in transferring electrical energy to heat 
has not favoured the use of high voltages in furnaces 
of familiar types, except the single-phase furnace using 
a single electrode. 

The Webb furnace is supplied from a balanced three- 
phase source of electricity. The voltage on the 
secondary side of the transformers is 280 at a maxi- 
mum, but the arrangement is such that this can be 
reduced when it is advisable to cut down the heat 
at the end of a melt. A single arc is formed among 
three electrodes and the bath, the arc stream acting 
as a conductor of electricity, forming a multiple con- 
ductor with the bath or material to be melted. The arc 
being long, on account of the high voltage, automatic 
control is not found necessary. Though an advantage 
in some respects, automatic controls get out of adjust- 
ment and require careful attention. Other conditions 
being equal, the length of the arc is proportional to 
the voltage, and inversely proportional to the current 
for a given power input. If one works with an are 
normally 1 in. long and the electrode be moved a 
quarter of an inch, evidently the power input will be 
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materially affected, but if working with an arc 6 in. 
long and the electrode be moved a quarter of an inch 
the effect will be hardly noticeable. Therefore, it is 
that while working with low-voltage arcs automatic 
control is necessary, whereas with high-voltage arcs it 
is not so essential. p 

The basic-lined furnace makes a heat in from 2} 
to 3 hours. The electrode and power consumption are 
very low. An interesting point is that, so far as the 
arc is concerned, the voltage can be increased to values 
quite too high on account of insulating troubles, etc., 
and still give good operating results. For several 
months the furnace was run at 440 volts, using as a 
power supply a bank of transformers made by grouping 
a number of standard pole-type lighting transformers 
together. : 

An example of the working of the Webb furnace is 
afforded by the following record of three heats made 
last May, in the original furnace :— 


Charge. r——Ingots-—-~, Kw. hours. Time 

Heat. Lbs. 6x6 74x 7% ~ per ton. Hours 
1 6,800 ll 6 616 33 
2 7,000 12 6 583 3% 
3 7,180 12 6 474 2 


The following results have been obtained from tests 
made on electric engine-bolt steel (0.12 per cent. carbon 
and 0.50 manganese) :—Elastic limit, 59,500 to 43,220 
lbs. ; tensile strength, 53,540 to 63,700 lbs. per sq. in. ; 
elongation in 8 in., 28 to 32 per cent.; reduction of 
area, 51.2 to 64.8 per cent. 








POWER IN CHEMICO-METALLURGICAL IN- 
in a recent issue of 
“‘Métaux, Alliages et Machines” has published an 
interesting table on the uses of electrical power in 
metallurgical and chemical industries, which sum- 
marises, for many products, (1) the kilograms of a 
duct obtained per kw.-day consumed; (2) the kw.-days 
consumed per metric ton of manufactured product; (5) 
the tons of raw material used to manufacture a metric 
ton of product; and (4) the kilograms of raw materials 
used per kw.-day consumed. Professor Flusin has com- 
piled these tables for the purpose of eliciting other 
views on the subject, and to encourage the publication 
of similar tables for other products.. We reproduce @ 
portion of the table herewith :— 


Kilograms Kw.-day Tons raw Kilograme 


Product. obtained consumed material raw 
r kw.- permetric used per material 
ay used. tonmanu- ton of used per 
factured, product. kw.-day 
consumed. 
Aluminium .. . 08-0.9 125-111 3.0 2.5 
Pig-iron inte od 10 100 Variable Variable 
Synthetic iron -- 24-30 42-33 1.3 36-38 
Steel in solid form .. 22 45.5 1.3 27 
Steel in liquid form. . 120 8.3 1.3 150 
Electrolytic iron—ro- 7 
tating cathode .. 6 167 1.1 7 
Electrolytic iron— 
fixed cathode oa 23 43.5 1.1 25 
Ferro-silicon, 10-12 
per cent. Si ée 9.2 109 1.55 14.3 
Ferro-silicon, 25-30 
per cent. Si ae 5.8 172 1.90 11.0» 
Ferro-silicon, 45-50 
per cent, Si ea 3.0 333 2.90 8.7 
Ferro-silicon, 70-80 
per cent. Si, a 1.4 714 4.30 6.0: 
Ferro-silicon, 90-95 
per cent. Si “§ 1.0 1,000 6.40 64 
Ferro-manganese, 18- 
20 per cent. Mn. .. 15 67 1.80 27 
Ferro-manganese 70- 
75 per cent. Mn. .. 6 167 3.15 1% 
Ferro-chrome, 10 per 
cent. Cr. .. on 3.5 286 2.90 10 
Ferro-chrome, 1 per 
cent, Cr. .. o* 8 555 4.05 14 
Ferro-tungsten -- 2.5-3.5 400-286 2.7 7 
Silico-manganese, 1 
per cent. Si, 20 per 
cent. Mn. a 7.5 133 2.2 16.6 
Silico-manganese, 10 
per cent. Si, 70 per 
cent. Mn. - 4.6 217 2.5 11.4 
Silico-manganese, 25 
per cent. Si, 50 per 
cent. Mn. gt 3.0 2.7 8.0 
Silico-calcium 1.5 667 ° ® 
Silico-aluminium 1.0 1,000 e 
* No data. 
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Heat Treatment of Tool Steels. 





Prevention of Hardening Cracks. 


Mr. §S. N. BraysHaw, of Manchester, 
before the Birmingham Metallurgical Society re 
cently, dealing with ‘‘The Heat Treatment of 
Tool Steel,” said that there was a great deal more 
yet to be learnt about carbon tool steel, and especially 
as to how it was affected by heat treatment before 
hardening. Nor did he think that the final annealing 
or heat treatment of too) steel was yet properly under. 
stood. Dealing with a research of his which was still 
in progress, Mr. Brayshaw mentioned that he got two 
Jarge ingots cast specially, and the analyses of the 
two came remarkably close. It was satisfactory to 
find that Sheffield steel-makers could produce © two 
large ingote so much alike. ‘he analysis, representing 
a standard tool steel, was as follows :—Carbon, 
1.13 per cent. ; silicon, 0.14 ; manganese, 0.37 ; sulphur, 
0.027; phosphorus, 0.022; chromium, 0.19; tungsten, 
0.54 per cent. The chromium made little difference, 
and its presence was probably unintentional. The 
cooling curve showed a halt at 738 deg. C., and this 
was so consistent that they used the quenched steel to 
standardise their pyrometers. The point of recal- 
escence on re-heating was usually about 716 deg., but 
depended upon the maximum temperature. From this 
steel a large number of bars were made. In _ the 
physical tests a great variety of results was obtained 
when the hardening treatment varied, whilst with bars 
submitted to the same hardening treatment, but to 
different previous heat treatment, the results also were 
most irregular. This showed that the whole question 
had not n sufficiently investigated. It was desir- 
able, if possible, to smaty these results for the assist- 
ance of the practical hardener who had to deal with 
difficult tools which were liable to crack or to change 
shape in hardening. He had therefore made a large 
number of test cutters of designs which had been 
found to be specially liable to hardening cracks. 

Showing a group of such cutters after hardening, 
Mr. Brayshaw said that he had a regular system of 
naming these hardening cracks ang assigning marks 
to them according to their badness. They wanted te 
find out how to make uniformly sound cutters, and he 
believed that they were on their way to that goa! 
when they produced particular cracks and found out 
what regularly produced each kind of crack. He had 
a number of these cutters in varjous stages. and every 
cutter was being treated by a different process, whilst 
all were hardened as nearly alike as possible. For 
the first few hundred cutters he devoted a great deal 
of attention to the various hardening methods and 
temperatures, and with rising or falling heats or long 
soakings. He had the best success with the cutters 
which were raised just above the yield, then cooled to 
‘just above the mel sonnet oint, and finally quenched 
in water. But he found that the best results in the 
avoidance of hardening cracks might be obtained by 
the suitable preparation of the steel before hardening. 

Referring to a cutter of a design peculiarly liable 
to cracking, Mr. Brayshaw said that he had known 
something very remarkable to occur in connection 
with a cutter of that kind. They used to buy a great 
quantity of carbon steel, and when bars of 2}-in. 
diameter came in they used to make from them 
cutters of this design, harden them by a moderately 
severe process, and then observe the kind of cracks 
which ensued. In one case the cutter hardened with- 
out a crack when treated by the standard treatment 
he had referred to. That remarkable result he was 
convinced must have been due to the condition of the 
steel when it left the steel-makers. There was 
probably nothing remarkable in the analysis, but the 
steel might by pure chance have gone through a process 
hich gave it very unsual properties. The question 

aight be asked what was the final treatment of such 
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steels before they left the steel-maker. The maxi- 
mum temperature might vary, and also the time the 
steel was subject to that temperature. The manner 
of annealing was also subject to great variation; the 
steel might be kept a little above or a little below th: 
change-point in the cooling down. Each of the 
factors was variable fo an indefinite extent, and by 
a combination of them they got an enormous variety 
of possible terms. If one purchased steel from a good 


maker one might rely upon a large degree of 
uniformity in_ analysis, Brinell hardness, and 
machinability. Yet amongt such steel there were 


great differences—of an elusive kind, but possibly of 
great importance. They ought to endeavour to 
discover a law which would enable the steel-maker te 
leave the steel in the required condition. Our know- 
ledge of steel had been increased during the last 
dozen years, and yet we were only on the path of 
discovery. 

The lecturer said that his experience had shown 
him that to obtain the best results it would be neces- 
sary to carry out heat treatment in liquids instead of 
in atmospheric furnaces. It was not possible in the 
atmosphere to regulate the process with precision. 
During cecnge the temperature of the muffle must be 
higher than the temperature to which it was wished 
to raise the work. is involved the over-heating of 
sharp corners and thin parts, whilst some of the steel 
near the wal's of the muffle would be baked or soaked 
before the protected parts became sufficiently heated. 
Metal might be heated by contact with the gas or 
smoke as well as by radiation. That had some advan 
tages, but there was also an increased risk of over- 
heating corners and thin parts. In either case it was 
impossible to raise the temperature evenly, although 
the final heat might be uniform. The only way to 
avoid this was to raise the heat with a slowness that 
was seriously objectionable. The only ideal metho! 
was to immerse the tools for a given length of time 
in a liquid which was maintained at the proper 
temperature. The pyrometer then showed truly th: 
temperature of the work itself, as nothing in the bath 
could have a higher temperature than the liquid. The 
bath could not vary rapidly in temperature or be 
caused to fluctuate by the opening or closing of a 
door, and when the heat was withdrawn the mass 
cooled altogether. The changes in temperature must 
be comparatively slow. There was nothing to prevent 
such a liquid being used for the heating of bars on a 
large scale, the process being the same as with small 
tools. Heating in liquids was very swift. People 
working on accepted lines said that this was objection 
able. One so often heard it said that the articles 
should be heated slowly that it. was assumed that 
there must be some virtue in slow heating. But this 
was another case in which people were misled by an 
expression which led to confused thinking. There was 
a similar confusion when a man said that a tool was 
too hard, really meaning that it was too brittle. The 
hardness in nearly all such cases was a good thing. 
Even a punch would be much better if it could be 
got glass-hard, and at the same time be as tough a6 
if it Sad been tempered. On the other hand, if a man 
said a steel hammer was too hard he was using a 
correct expression. Ordinarily when one said that 
steel must not be heated too quickly, what was really 
meant was that it must not be over-heated on the 
outside, which was the result of swift heating a6 
ordinarily carried out. If over-heating of the 
surface could be avoided, there was no objection to 
swift heating, and this was possible with heating in 
a liquid. He had had tens of thousands of articles 
heated from the cold in salt baths, and he believed 
that the effect of the swift heating had been good. 
The best resu'ts had been attained with very short 
heats, five minutes total time instead of half-an-hour. 
With these swift heatings he had got elastic limits 
running up to 6,000. The swift heating of a hardened 
tool might crack it, so that there the warming against 
swift heating was not out of place. 
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Macro-Etching and Macro-Printing. 


By J. C. W. Humrrey, B.A., M.Sc., M.Eng. (Sheffield). 


(Abstract.) 

In carrying out investigations upon specimens of 
steel, with a view to determining either their suitability 
for any given purpose, or the causes which have led 
to their failure in use, a knowledge of the macrostruc- 
ture is usually as essential as a knowledge of the micro- 
structure. The two are complementary, the former 
affording information as to the history in the ingot 
mould and during forging, while the latter affords 
information as to thermal treatment and composition, 
and at the same time enables the details of the macro- 
structure to be correctly interpreted. 

The macrostructure of a cast metal is essentially due 
to segregation whilst solidifying ; and it is convenient 
to consider such segregation to Hd of two kinds, which 
may be termed major and minor. Both are the result 
of the fact that the first portions to solidify contain 
an excess proportion of the constituent having the 
higher freezing temperature, while the last portions 
to solidify contain an excess of the constituents having 
the lower freezing temperature. 

Minor segregation is due to differences in composi- 
tion which result between the portions of any indi- 
vidual crystal growing in the mass, and is unavoidable. 
By regulating the rate of cooling through the solidifica- 
tion range, the number of centres from which crystal- 
lisation starts, and hence the individual crystal size, 
may be largely modified. Each individual crystal, 
however, always tends to form with a gradual varia- 
tion in composition from nucleus to boundary. Thus 
whilst minor segregation may result in a structure 
which ig macroscopic or microscopic, it can never be 
completely eliminated at the casting stage. 

Major segregation is due to the difficulty of ensuring 
that. solidification shall proceed simultaneously from 
centres regularly distributed throughout the mass, and 
hence that the average composition of each crystal 
shall be the same. In practice the heat from the fluid 
metal has to be removed by conduction through, and 
radiation from, the walls of the mould; and thus crys- 


tallisation starts from these walls, and may com- 
plete in places adjoining them, before it has even 
commenced in places removed from them. Aggregates 


of crystals may, therefore, be formed during the early 
stages of solidification having an average composition 
quite different from that of other aggregates formed 
at later stages. The phenomena of major segregation 
are further complicated by the shrinkage which takes 
place on solidification, and by the evolution of gases. 
solidification, and by the evolution of gases. 

Two methods are available for revealing the macro- 
structure of steel—viz., sulphur printing and etching. 

Sulphur printing, carried out either according to the 
original method described by Heyn and Bauer 87 
silk, or according to the more generally used method 
of Baumann, with the aid of ordinary silver bromide 
paper, is of very great use in studying the extent and 
position of the major segregates. Its capability of 
revealing the minor segregates, and therefore of giving 
information as to the individual crystals existing in 
the original ingot immediately after solidification, is, 
however, somewhat limited for the following reasons :— 
(1) Unless the sulphur content be high, the globules 
of sulphide are too widely scattered to map out a clear 
continuous picture of the dendritic interspaces. (2) 
Very great care is necessary to avoid even the slightest 
movement of the paper while in contact with the speci- 
men, and also to ensure that the contact shall be 
uniformly close. Provided, however, that the sulphur 


content be high, and that all movements be avoided, 
a very fair picture of the original dendritic crystals 
can be obtained. 

Macro-etching is usually carried out with the aid of 
one of the following solutions :— 





(2) Solutions of nitric acid in either water or alcohol. 
This reagent is particularly useful for revealing the 
presence of fine flaws or cracks. These are best ob- 
served if, after fairly deep etching, the surface is 
He oy clean from all carbonaceous deposit and care- 
fully dried with alcohol. The slight oozing which 
occurs from the flaws shows them in marked contrast 
to the general grey surface. To a certain extent this 
reagent brings out the major segregates, but is far 
more delicate in revealing carbon segregation, and 
especially any locally decarburised areas, than it is 
of revealing segregates of phosphorus and sulphur. The 
contrasts in this respect are best seen while the acid 
is still attacking the surface. Except in the case of 
certain alloy steels, which appear to contain immobile 
carbides, the reagent is not sufficiently delicate to re- 
vea] the minor segregates. 

(6) Heyn’s reagent (12 per cent. solution of copper 
ammonium chloride in water) etches on the whole in 
@ similar manner to (a), but at the same time tends 
to stain the portions high in phosphorus to a brown 
colour. This staining is not, however, sufficiently deli- 
cate to reveal the minor segregations of phosphorus. 

(c) Strong (10-20 per cent.) aqueous solutions of 
hydrochloric acid or sulphuric acid, usually employed 





hot. These appear to act by firstly eating out the 
sulphide inclusions, and subsequently by acting upon 
the larger surfaces exposed to attack where the inclu- 
sions occurred, by eating out the segregates as a whole, 
and leaving the purer portions in relief. The general 
effect closely follows that obtained by sulphur printing. 

(d) Acid Cupric Reagents.—These reagents have been 
described by Rosenhain and Haughton, by Stead, by 
Le Chatelier, and by others. The solutions act by 
their power of differential attack on portions high or 
low in dissolved impurities, the attack being accom- 
panied by a corresponding deposition of an adherent 
film of copper upon the surface of the steel. It is by 
means of this deposit of copper that the etching effects 
are judged. The reagents are remarkably sensitive, 
and are capable of revealing extremely small differ- 
ences of composition such as occur between the various 
portions of a single original crystal. For the effects 
to be seen in the most favourable contrast the sur- 
face of the specimen requires to be given a fine polish 
such as given for micro work. 

The reproduction of the results of any of the above 
methods of etching can only conveniently be done by 
photography; in the case of large specimens (¢.g., 
complete sections of ingots) the reduction in size which 
this involves is liable to mask the finer details of the 
etching—upon which a great deal of the usefulness 
may depend. In the course of an investigation into 
D2 
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the flow of the steel during the process of punching 
and drawing a shell blank, the author was successful 
in finding an etching t which, while having the 
delicacy of these mentioned under (d) above, could 
yet be applied to surfaces with an emery-paper finish 
only, and which allowed any number of exact full- 
size replicas of the etching effects to be obtained by a 
simple process of printing. 

he solution is prepared by the addition of hydro- 
chloric acid to Heyn’s reagent, the most satisfactory 
composition for general use being :—Copper ammonium 
chloride, 120 grammes; hydrochloric acid (conc.), 50 
c.c.; water, 1,000 c.c. The exact proportion of HCl 
appears to vary somewhat for different steels, but is 
easily determined by trial. E 

The etching is preferably carried out by supporting 
the specimen with the surface to be etched horizontal, 
and pouring on the solution at frequent intervals, so 
that a film of fresh solution is always in action. 

The result of the etching is to produce a marked 
relief effect on the surface of the specimen, upon which 
the portions which solidified first are eaten out to a 
greater depth than the portions which solidified last ; 


As stated above, the most favourable percentage of 
acid appears to vary somewhat for different steels. If 
insufficient is present, the relief effects are produced 
only slowly, and at the expense of a deep general attack 
upon the surface as a whole: if, on the contrary, the 
solution is too acid, there appears to be a somewhat 
vigorous attack upon the sulphide inclusions, which re- 
calte in a deep aca of the surface and a general 
spoiling of the whole effect. Alloy steels (¢.g., nickel- 
chrome steels) ap to etch better with solutions of 
weaker acidity n do plain carbon steels, indeed 
quite marked relief effects can occasionally be obtained 
on the former with the neutral solution alone. File- 
or machine-marks should always be carefully removed 
by rough polishing before starting to etch, since the 
general effect of the acid solution appears to be to 
deepen rather than eliminate them. If the surface 
has been prepared by machine grinding, it should be 
finally polished by hand, or deeply etched with the 
neutral reagent, until all signs of surface hardening 
are removed. 

After wiping away the deposited copper, and dry- 
ing, the surface has a general matt-.°ey appearance 
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this relief effect is best seen after removal of the de- 
posited copper. The addition of the hydrochloric acid 
causes the copper deposit to form as a continuous and 
somewhat erent film, rather than as the loose floc- 
culent mass left by the neutral solution. In the earlier 
experiments difficulty was frequently experienced in 
removing the deposit mechanically, and trials were 
made with various decoppering solutions to remove it 
chemically, but if the following procedure be adopted, 
the deposit can invariably be wiped away as easily 
as with the neutral reagent. 

The etching is star with the neutral solution and 
is preferably continued with it until all traces of the 
scratches left by the emery-papers have been eaten 
away. To judge this it is necessary to wash off the 
deposit and examine the dried surface. When satis- 
factory in this respect the etch is again started with 
sufficient neutral reagent to form a complete but thin 
covering of the flocculent deposit, and then, in succes- 
sive applications, the acidity of the solution is gradu- 
ally increased up to the maximum. The attack 1s con- 
tinued with this for about a quarter of an hour. The 
surface cam be wiped free from copper at any stage and 
the effects of the etch examined, but after doing so 
the fresh attack should always be started with a pre- 
liminary application of the neutral reagent. 


upon which the relief does not stand out very dis- 
tinctly ; if, however, it is lightly rubbed over with fine 
emery-paper, the relief portions are brought out into 
strong contrast, and the results of the etch are clearly 
sovenied. 


The total time taken to produce a satisfactory relief 
effect varies from about twenty minutes to one hour. 
Printing. 

The strong relief effects produced by the use of the 
acid solution suggested, at an early stage of the ex 
periments, the possibility of reproducing the details of 
the etched surfaces by direct contact printinz—+.-., 


by means of printer’s ink and a press. The illustra-: 


tions of macro-etchings which accompany this Paper 
have all been so reproduced, the actual specimens being 
supplied to the printer. 

The process of obtaining prints in the laboratory is 
as follows. The specimens are, when possible, 
machined into the form of slabs before etching, one vf 
the paralle] faces being that selected for etching. When 
a satisfactory etch has been obtained, ordinary 
printers’ ink is applied to the surpace by means of a 
roller. This is preferably of the type used by printers 
(covered by a special composition of glue and treacle), 
but results almost as satisfactory have been obtained 





































with a roller made in the laboratory by covering a 
piece of iron rod with a length of thick pressure tubing 
over it, and mounting in an old spueegee handle. A 
few dabs of printing ink are placed on a sheet of glass 


or tinplate, and the roller passed in all direc- 
tions over the sheet until the ink ig evenly 
spread out. Ink is transferred to the _ epeci- 
men by passing the roller alternately over the 
inked plate and the etched surface. The specimen 


is then placed face upwards on the base of an ordinary 
copying-press, the paper laid upon it, covered with a 
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In view of the belief in the importance of phosphorus 
in mapping out the dendritic structures of steel, the 
author Be been in the habit of referring to the prints 
as “phosphorus prints.” It is, perhaps, inadvisable 
to do so until further experimental data are available, 
and the less controversial name of ‘‘ macrographs’”’ is 
suggested instead. 

Examples. 

In Fig. 1 the macro-print shows very clearly the 
manner in which the steel has crystallised in the ingot 
moulds, as regards the length of the crystals which 
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pad, and pressure applied. The best results are usually 
obtained upon what is known as “ glossy art paper,” 
while for general use the best form of pad is two 
thicknesses of blue “liv ’’ cloth, such as is fre- 
quently used for covering polishing discs. For speci- 
mens upon which a very deep relief effect cannot be 
conveniently obtained, better prints can often be 
secured by the use of a somewhat harder pad, ¢.g., a 
copy of one of the weekly technical journals. 

For printing specimens too large for a copying: press, 
the paper may be pressed in contact with a heavy 
roller. Perfectly satisfactory prints have been obtained 
in this manner from the complete longitudinal section 
of a 1-ton ingot. 


Interpretation of the Etchings. 


Etched sections from unforged ingots appear to indi- 
cate, without any possibility of doubt, that the solu- 
tion acte by attacking the purer tions which solidi- 
fied first, with greater vigour than it does the more 
impure portions which solidified later. Etched sections 
from forged and treated specimens indicate with equal 
certainty that while the areas so differentiated may 
be deformed by the former process until the original 
dendritic pattern is rendered unrecognisable, yet the 
areas tend to retain their individuality in spite of any 
ordinary heat treatments, except such as are of 
abnormally prolonged duration, or are carried to 
temperatures approaching that of incipient fusion. 

During the course of the last three years many speci- 
mens from all t of steel used in the construction 
of guns and shells have been etched in the author's 
laboratory, and only in those cases in which the micro- 
scope has given positive evidence of such incipient 
fusion or burning has there been any failure to reveal 


the casting structure or to obtain satisfactory prints 
by the methods described. 





have grown inwards from the walls, and the shape and 
distribution of the equiaxial crystals which have formed 
within. The author considers that the skin has been 
formed owing to violent agitation of the liquid steel 
in the mould (probably due to too rapid pouring), 
successive skins being frmed above the general level! 
of the molten steel. When once the skins have become 
submenged crystallisation proceeds in the usual manner. 
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Fic. 4.—‘*‘ Cone’ FORMATION PRODUCED 
DURING FORGING. 











Figs. 2 and 3 illustrate the use of macro-printing 
and etching in studying the flow of metal during forg- 
ing. They are from longitudinal axial sections of the 
base portions of two shell blanks. In the case of the 
blank shown in Fig. 2 the punch used in forging had 
a flat face, and it will be seen that the flow has taken 
place in such a manner as to produce a curious “cone ”’ 
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formation just beneath the base of the cavity. The 
manner in which this cone appears to be formed can 
be best explained by reference to the diagrams shown 
in Fig. 4. “A” represents a section of the blank 
before punching, upon which have been drawn a series 
of imaginary lines parallel to the axis. ‘‘B’’ repre- 
sents the same billet after punching with a flat-nosed 
punch, and shows how these lines become displaced. 
A conical piece of steel from the top of the billet 1s 
pushed right down in front of the punch, practically 
without deformation; just beneath this undeformed 
portion the amount of lateral deformation suddenly 
rises to a maximum, so that a narrow axial cylinder 
in the billet is spread out to practically the full 
diameter of the punch. Below this maximum the lateral 
spread gradually becomes less, until at the base of 
the blank is again almost nil. In order to make the 
diagram somewhat clearer a central section has been 
cross-hatched in each figure. 

In Fig. 3 the punch had been given a bluntly pointed 
nose (corresponding approximately to the outline of 
the cone in Fig. 2), and it will be seen that the cone 
formation is now entirely absent, and the steel has 
spread out regularly before the advance of the punch. 
These differences have been found to have a very im- 
portant bearing in practice. In a completely sound 
billet the cone formation is probably unharmful, yet 
if the billet has any original axial unsoundness (e.g., 
a minute pipe), a certain axial length of the defect 
becomes spread out so as to form a thin shell enclosing 
the cone, and the latter will then be only incompletely 
adherent to the base of the shell. One may compare 
the shape of a narrow axial cylinder in the billet 
before and after punching to a closed and open 
umbrella. 

The pressure required to punch a billet with the 
form of punch shown in Fig. 3 is almost twice that 
required with the form shown in Fig. 2. This indi- 
cates that the surface friction between hot steel and 
cold punch is cae age | greater than the combined 
resistance of the slip surfaces in the hot steel. 








Improvements in the Rennerfelt 
Furnace. 





At the beginning of 1918 there were about 20 Renner- 
felt furnaces in operation on ferrous and _ non- 
ferrous metals in the United States. Instead of 
the original square or rectangular shape a round shell 
with a eanenaiia dome-shaped roof is now used, giving 
a more even heat distribution and a more accessible 
hearth. The vertical top electrode and the two incliaed 
side electrodes have been retained. Heavier material is 
used in the construction of the furnace, and the elec- 
trode feeding gear has been much improved. All sizes 
of the furnace from one-ton capacity upward are now 
equipped with automatic side-electrode feed and 
auxiliary push-button control. The side electrodes are 
now adjustable in all directions and their ports are 
made air tight. The electrode-feed motor is made part 
of the holders. The furnaces of three-tona capacity 
and over are now equipped with a cradle and rack for 
tilting, and are no ionger hung on central trunnions as 
before. Two new furnaces, to be installed for a special 
purpose, are equipped with a tilting fulcrum at the 
pouring lip. 

The diameter of the hearth has been enlarged and 
the depth of the bath has been reduced in the various 
sizes, thus giving a larger contact surface between 
metal and slag, with consequent higher reaction speed, 
thus shortening considerably the time for desulphuris- 
ing and ‘killing’ in the basic steel process, thereby 
producing steel of a superior quality and with fewer 
slag inclusions and hard spots than before. In addi- 
tion to this the steel is more thoroughly deoxidised 
and more refined. The electric power has been in- 
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creased in proportion to the increased diameter, thus 
making the melting process more rapid and uniform. 
By actual experiments it has been found that the 
nighest efficiency aud best working condition in a free- 
burning are furnace like the Rennerfelt are attained 
witr a certain fixed, constant distance between the 
electrode tips and the charge. To carry out this the 
side-electrodes have been made tiltable and pass 
through specially designed ports with stuffing boxes to 
prevent air-leakage. At the same time the level of the 
electrodes hag beer raised, and thus the danger of 
breaking them during charging, slagging off, etc., has 
been reduced. Al! the side-electrodes are now made 
oversize. But the writers claim as the most important 
improvement that the side-electrodes can be tilted to 
such an angle that an arc can be formed with the slag. 
With the side-electrodes in this position, and the 
vertical electrode sufficiently lowered, the furnace can 
be worked as an are-resistance furnace with the metal 
and slag as part of the circuit. 

If any amount of refining is to be done, the electrodes" 
are set in a way to make the furnace work as an arc- 
resistance furnace, which is a great advantage during 
the desulphurisation period in the basic process, especi 
ally when making tool steel. The authors also claim 
that the free-burning arc for melting cold scrap will 
assure an even and steady operation with a current 
demand from the high-tension mains perfectly balanced 
at a high-power factor. Noxious fluctuations and 
surges in the line are avoided, and the automatic elec- 
trode control can be used from the very beginning. 








An Engineering Amalgamation. 





The directors of Ruston & Hornsby, Limited, Lin- 
coln and Grantham, have issued a circular to their 
shareholders informing them that after careful nego- 
tiations they have been able to arrange for the acquisi- 
tion of at least 76 per cent. of the ordinary shares of 
£1 each in Ransumes, Sims & Jefferies, Limited, of 
Ipswich, in exchanges for the issue to the holders of 
such shares of a iike number of ordinary shares in 
Ruston & Hornsby, as from January 1 last. 

The business of Ransomes & Jefferies, incorporated 
in 1884, has been carried on successfully ag mechanical 
engineers, chiefly in connection with agricultural im- 
plements and rmachinery, and the average rate of divi- 
dend paid by the company during the seven years 
ending on December 31, 1917, has been less than 1 per 
cent. lower than the dividends and bonus paid by the 
Lincoln firm during the seven years ended on March 
31 last. The authorised capital of Ransomes is 
£750,000, divided into 250,000 54 per cent. cumulative 
preference shares of £1 each, and 500,000 ordinary 
shares of £1 each. Of these shares 200,000 preference 
and 329,300 ordinary shares have been issued and are 
fully paid. In addition that company has issued 
£250,000 45 per cent. first mortgage debenture stock,” 
forming part of a total authorised issue of £300,009 
first mortgage debenture stock. The reserve fund now 
stands at £200,000 

If the proposed arrangement is carried into effect 
Mr. George Ruston‘Sharpley will join the board of 
Ransomes, and Messrs. 5 A. Goodwyn, J. H. W. 
Pawlyn, and V. W. Bone will represent. Ransomes on 
the board of the Lincoin company. 

Accompanying the circular is a notice convening 
meetings of Ruston & Horrsby, Limited, when resolu- 
tions wili be proposed to adopt new articles of associa- 
tion and to increase the capital of the company to 
£2,500,000 by the creation of 900,000 new ordinary 
shares of £1 each. This is in excess of the number 
of shares which wiil be reanired to carry through the 
proposed arrangement, but the directors think it ad- 
visable to make this increase in capital at the present 
time in view of the possible requirements of the busi- 
ness in the future. 
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The Walrand Legenisel Converter 
for Small Steel Castings. 





Small ton converters of the bottom blown type 
are not widely used in this.country for the manu- 
facture of small steel castings. The writer is not 
aware of another Walrand Converter being 
operated in England. 

The converter, a drawing of which is shown in 
Fig. 1, is simiiar to the usual type—a plan cylin- 
drical vessel built in one piece, except the remov- 
able bottom an wind box, and the mouth is tapered. 
The wind box and bottom are easily removed for 
ramming and are in one piece. A circular plate 
bolted to a flange contains six 6 in, dia. holes to 
admit the silica tuyers. 

The tuyers are two feet long and are perforated 
with six 4-in. holes, through which the air passes. 
The bottom containing the tuyers is rammed up 
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with fairly dry ganister, the ramming being con- 
tinued up to the leve} of the tuyers. Large bricks 
may be used, the spaces being hard rammed. The 
finished bottom is then thoroughly dried before 
putting in position on the converter. The joint is 
rammed with ganister, which may be successfully 
carried out from the outside while the vessel is still 
hot from the previous day’s run. By varying the 
number of tuyers, or the size of the holes, it is 
possible to vary working conditions to suit either 
rapid or slow blowing, and also the temperature 
of the finished steel. The blast pressure may also 
be governed to attain this result. The air pressure 
varies from 15 to 40 lbs. per square inch. 

The bottoms last from 16 to 26 heats and can be 
changed quickly, there being no necessity to cool 
down the vessel for the operation. The ramming 
of the joint being done from the outside, it is pos- 
sible to obtain steel each day. This is a decided 
advantage for small steel foundries, who as a rule 
work a single blown converter alternate days to 
allow the vessel to cool down sufficiently for the 
admission of a man to carry out extensive patch- 





ing. In the Walrand vessel the principal wear 
occurs upon the bottoms. The blowing period 
occupies from 10 to 15 minutes, which is more rapid 
than the side-blown. The flame sequence is similar 
to the side-blown vessel, but there is very little 
“ slopping ” and the throwing out of large 
amounts of metal and slag, and the blowing losses 
are from 4 per cent. to 6 per cent. smaller. The 
carbon flame is quite distinct, but the final drop 
of the flame is not so rapid. 

The physics—ferro-manganese and ferro-silicon— 
are added molten either to the ladle or, if pouring 
small castings, preferably into the converter. No 
difficulty is found in running very small castings 
with steel of 0.20 per cent. carbon, especially if 
the manganese is kept up to 1.20 per cent. 

The life of the vessel lining will last up to 500 
heats or more. The life of the lining, and especi- 
ally the bottom, depends, upon the composition of 
the charges. A low manganese and high silicon 
charge will produce a thick, silicious slag which 
will hardly attack the lining. A high manganese 
and lower silicon charge will produce a thin cut- 
ting slag, rick in oxide of manganese, which attacks 
the refractory linings severely. 

The charge composition found most suitable for 
obtaining hot steel for running small castings 
should contain 1.7 per cent. to 2.00 per cent. sili- 
con and from 0.40 to 0.80 per cent. of manganese. 
This mixture tapped hot from the cupola. works 
very uniformly. The first blowing period lasts 
from 3 to § minutes, with practically no flame 
showing, from the converter mouth; sparks are 
emitted with the escaping inert nitrogen. The 
blowing engine is also slowed down with an increase 
of pressure. With the appearance of the carbon 
flame the molten metal offers less resistance to the 
air, with a considerable increase of engine speed 
and a drop in pressure. ‘he carbon flame gradu- 
ally rises to about 10 ft. At this period a few 
pounds of high-grade silicon are added if extra 
heat is required. Several small additions of silicon 
may be added without fear of the iron becoming 
oxidised. 

Generally the outstanding features of the Wal- 
rand Uonverter are the comparatively low blowing 
losses, especially if worked in conjunction with a 
low air pressure cupola, 

With careful working a loss of from 10 to 16 per 
cent. can be averaged. ‘Taking the weight of 
metals charged into the cupola and the weight of 
molten seel obtained, this is much lower than the 
usual type of small converters operated in this 
country. 

This system of bottom-blowing oxidises the iron 
immediately in contact with the incoming air, but 
the FeO gives up its oxygen to the carbon and 
escaping, lighting at the converter mouth as OO. 
Unlike the side-blown vessel, very little iron re- 
mains oxidised. 

Charges varying from 14 to 30 cwt. may be blown 
according to the varying foundry requirements. 
The blows are very regular and easily controlled ; 
boils and slopping rarely occur. It is also possible 
to cast several heats into one ladle for obtain- 
ing castings up to 4 and 5 tons owing to the short 
time necessary for blowing. 

Steel can be made of any quality suiable for any 
tests. 











Coronet O. C. ArmstRonc has been re-elected presi- 
dent of the British Engineers’ Association. 
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Cast-Iron Automobile Cylinders. 





An investigation into the charges brought by 
M. Robert Faroux against the use of cast iron as 
opposed to steel for cylinders of motor-car engines 
is made by Mr. J. E. Hurst in the *‘ Autocar.’’ He 
writes, commenting on an article by M. Robert 
Faroux dealing with statistics of car failures over 
a period of ten years’ racing, the results of this 
careful statistical study show a high percentage of 
cylinder failures. 

The question which immediately arises is: Are 
the failures of cast-iron cylinders due purely to 
defects of a metallurgical nature, or to defects 
arising out of the design? From the brief details 
given in this article it is gathered that the defects 
recorded are for the most part due to the latter 
cause. 

Cast Iron and Steel Combined. 

Cast-iron cylinders are for the most part mono- 
bloc castings, including water-jackets complete, and 
may comprise one, two, four, or more cylinders 
respectively. Apart from internal strains set up 
in the casting of such complicated units, the in 
ternal stress resulting from the changes in the 
materia] due to the prolonged exposure to varying 
temperatures in a racing engine are very large. 

Cast iron, being an extremely brittle material, 
does not distort to any great extent before actually 
cracking. In the case of steel cylinders—consider- 
ing for a moment a steel cylinder in the form of a 
monobloc casting—the internal changes taking 
place on subjection to the heat conditions in the 
eng*ne are practically negligible; and in any case, 
owing to the higher degree of ductility, cracking 
is practically eliminated. 

Foundry Difficulties and Steel Cylinders. 

The difficulties of casting, however, and _ the 
extremely high cost, militate against the use of 
steel for monobloc cylinder castings; and now for 
the most part stee] cylinders are constructed in the 
form of a steel cylinder liner inserted into either 
a cast-iron or an aluminium water-jacket casting, 
or, alternatively, the water-jacket is built up 
around the steel cylinder, using sheet metal, or 
by copper deposition processes. 

It will obviously be unfair to contrast this form 
f cylinder construction with the monobloc casting. 

Following upon aero engine practice, this type 
of cylinder construction is being largely adopted 
by various motor manufacturers. Opinion seems 
to be divided as to the correctness or otherwise of 
the use of cast iron for the purposes of the liner 
construction, and several of the firms adopting 
composite cylinder construction are utilising steel 
liners. In any event, the success or otherwise of 
the employment of cast iron for the manufacture 
of the cylinder liners depends entirely on the 
metallurgical nature of the cast iron used. 

The use of cast-iron liners in this latter form of 
construction entirely avoids the trouble arising out 
of the presence of initial casting stresses due to the 
complicated nature of the casting. Research 
should, therefore, be directed towards the elimina- 
tion of subsequent internal stresses as a result of 
internal changes of a metallurgical nature, owing 
to conditions encountered during the running of 
the engine. 

The author has devoted a considerable amount of 
time to research work on this subject, more par- 
ticularly in respect of the larger gas and Diesel 
engine liner construction. Several features have 








been established as a result of this study; and, 
since it is quite certain that many manufacturers 
do not seriously attempt to overcome the difficul 
ties connected therewith, it may be of considerable 
interest to motorists and engine makers to enume 
rate these. 

Growth of Cast Iron. 

Cast iron, when subjected to prolonged exposure 
to heat, undergoes certain internal changes which 
in every case result in expansion, distortion, and 
in many cases cracking. ‘These changes from the 
point ot view of car-engine cylinders can be divided 
into two classes. ‘The first class of internal change 
phenomenon has now come to be described -as 
‘* growth.”’ Growth in cast iron was exhaustively 
investigated by Professor Carpenter, now of the 
Royal School of Mines, in the year 1909. This 
phenomenon is a permanent expansion in cast iron 
when subjected to repeated alternate heating and 
cooling, and, in its chronic stages, results in the 
cracking and disintegration of the material exposed 
to the action of the heat. Professor Carpenter 
showed that growth was due to the internal oxida- 
tion of the constituents of the cast iron, chiefly 
the silicon, by the penetration of the oxidising 
gases into the interior of the cast iron by way of 
the. graphite plates. The phenomenon was shown 
to commence at a temperature of 650 deg. C., and 
the liability of cast iron to this defect was shown 
to be roughly proportional to the silicon content 
of the material. In a perfectly running engine, 
temperatures of 650 deg. C. should never be 
reached (650 deg. C. is a very dull red heat easily 
seen in the dark). Theoretically, therefore, growth 
as such should be absent from automobile engine 
cylinders. This temperature, however, is un- 
doubtedly reached, particularly in air-cooled en- 
gines, but, even in the present state of our know- 
ledge it is quite possible to prevent any growth 
in the temperature ranges bordering on 650 deg. 
C. by suitable care in production of the material. 

Cast iron, when subjected to prolonged exposure 
to heat in the lower ranges of temperature from 
450 deg. C. to 650 deg. C., undergoes a permanent 
expansion, but in testbars of uniform cross-section 
this expansion reaches a maximum value without 
resulting in the cracking and disintegration of the 
material. It is quite conceivable that, in a casting 
of complicated cross-section, such as an automobile 
cylinder, such expansion will set up sufficient 
internal stress as to result in the ultimate cracking 
of the casting. The author has himself examined 
many automobile engine pistons of cast iron which 
have cracked across the head owing to this cause. 

By suitable modification of the composition and 
methods of production, it is possible at the present 
moment to produce cast-iron liners free from any 
possibilty of the latter phenomenon and also sub- 
stantially free from “ growth ’’ at temperatures 
up to 700 deg. C., but methods of production are 
only applicable to plain cylindrical castings, and 
monobloc castings cannot be produced by this 
process. 


Room for Improvement. 

There is no doubt whatever of the triumph of 
built-up steel cylinders over existing iron monobloc 
castings. With the development of engine design, 
however, chiefly as a result of aero engine experi- 
ence and the employment of cylinders in the form 
of steel or cast-iron sleeves inserted into aluminium 
water-jacket castings, there is no reason whatever 
why cast iron should not give as good results as 
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steel] even at the present time, and, as research 
progresses, there is no doubt that cast iron will be 
considerably improved beyond the high standard 
that it has now attained. 

Finally, speaking entirely from a metallurgical 
point of view, there is still room in existing mono- 
bloc cylinder castings for considerable improve- 
ment. The author has examined several monobloc 
castings (not of an English make) in which all 
existing knowledge tegarding the internal changes 
of cast iron when subjected to heat conditions had 
been totally disregarded. 








Refractory Materials Section of 
the Ceramic Society. 


Meeting at Middlesbrough. 

The spring meeting of this Section of the Ceramic 
Society was held on May 22 and 23 at the Hall of the 
Literary and Philosophical Society, Middlesbrough, Sir 
W. J. Jones, Deputy-Controller of Iron and Steel Pro- 
duction, Ministry of Munitions, presiding. There was a 
big muster of members from various districts, as far 
apart as the London and Glasgow neighbourhoods. 
The proceedings commenced with cordial expressions 
of welcome from the Mayor of Middlesbrough (Mr. 
Joseph Calvert, J.P.), and from Sir Hugh Bell, C.B., 
the chairman, and Mr. John H. Amos the general 
manager of the Tees Conservancy Commissioners, which 
were acknowledged by Sir W. J. Jones. 

The reading of the Papers was then proceeded with. 

In discussing Prof. Boswell’s Paper (see last week's 
issue, p. 702), Dr. A. Scorr mentioned that mica 
schist was recorded to have been used for such purposes 
in Sweden as early as in 1740, and since then, but 
at lower temperatures than those employed in the 
States. It has also been used in some other countries. 

Mr. Chance’s Paper (see last week’s issue, p. 684) 
provoked a rather lively discussion, in which Mr. 
Hamitton, Mr. Cosmo Jouns, Masor C. W 
Tuomas, and otherg took part. Mr. W. Hamitron 
remarked that his firm required some refractories te 
stand under very severe conditions, and they were 
prepared to pay ‘‘ any price within reason ”’ for eatis- 
factory articles. } 

In the discussion of the Paper by Mr. W. J. Rees 
on “ The Salts Extracted from Coal by Washing ”’ (see 
last week’s issue, p. 694), Dr. MEttor suggested the 
possibility of water containing definite amounts of 
certain substances in solution being more effective for 
washing the coal than the water used by Mr. Rees for 
the purpose. 

A curious circumstance in connection with the Paper 
by Dr. Rosenhain and Mr. Coad-Pryor (see last week’s 
issue, p. 685) was that the idea underlying the con- 
struction of their new recuperative furnace had «p- 
parently been applied already, for Mr. H. M. Rinze 
stated that a very similar furnace had been in use for 
some time, on a fairly large scale. 

The meeting having adopted the report of the 
Committee on the British Refractories Research Asso- 
ciation, that organisation can now be registered and 
start working. 

Manufacture of Refractory Material During 

the War. 

Str W. J. Jones gave some remarkable figures from 
his Department’s official records concerning the refrac- 
tories made during the two-and-a-half years from July, 
1916, to the end of 1918, all being for munitions only— 
except, perhaps, part of the silica sand. The percent- 
ages represent increases in production from July, 
1916:—Silica bricks, 275,295,000 24-in. squares, 45 per 
cent.; magnesite bricks, 15,089,900 2}-in. squares, 
149 ner cent.; coke-oven bricks, about 50,000,000 
(150,222 tons), 110 per cent.: firebricks, about 
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1,200,000,000 (3,585,475 tons), 41 per cent.; raw dolo- 
mite 127,000 tons, 60 per cent. ; calcined dolomite (basic 
material), 410,500 tons, 70 per cent. ; 

The refractory materials industry had, he claimed, 
emerged from the war period in a stronger and more 
robust condition than ever before, and it should be 
possible for British industries to cease to rely on im- 
ports from either Allied or enemy countries. There 
could be no question of the advantages possessed by 
the home producer, having in view the heavy item for 
transport on refractory materials, so that, provided 
the manufacturers of this country produced an article 
equal to that formerly supplied from abroad, all should 
be well. Hé had just returned from a visit to the 
centre and South of France, and conditions as to labour 
and wages in the refractory materials industry of that 
country were much the same as here. In France wages 
in the industry had increased by at least 100 per cent. ; 
in Lorraine workmen in the steel industry had received 
advances amounting to between 100 and 150 Ee cent. 
Moreover, the eight-hour day was now established by 
law in all these districts. He had inspected some of 
the French refractory works, and had been impressed 
by the extraordinary care with which the manufactur- 
ing operations were carried out. The clays employed, 
eight in number, were obtained from all parts of 
France. All the clay not previously burnt for grog 
was carefully dried on heated floors on arrival at tho 
works, and was broken down through jaw breakers 
and steel crusher rolls and passed and re-passed through 
screens of different mesh to secure exactitude and 
regularity of grading. ‘The grog was treated in a 
similar manner. The percentage of grog carried in the 
bricks often ran as high as 70 to 80 per cent., and 
the mixing was done with great refinement. He men- 
tioned these facts to show how different was the method 
of working in France compared with that obtaining 
in this country. 

It was- necessary to make an effort to improve the 
technical side of our industry, and he made an appeal 
for support for the new Refractories Research Associa- 
tion which had just been formed, and which was an 
evidence of the spirit of co-operation in industry which 
now prevailed. The support of the Privy Council 
Committee for Scientific and Industrial Research had 
been obtained, and Dr. Mellor, the man most capable 
to direct the work of such an Association, had accepted 
the position of technical director. He appealed not 
only to manufacturers of refractories, but to consumers 
for their support 

The work that was to be undertaken was of great 
importance. It included a careful study of raw 
materials, of the chemical, physical and mechanical 
problems which had to be solved wo obtain the best 
results in different kinds of service, the effects of 
various slags and impurities of molten metal, of acid 
and alkali reactions on the materials employed, the 
effects of variations of temperature, the erosive action 
of flue ducts, the cutting action of high-temperature 
flames, the effects of oxidising or reducing conditions. 
and many other considerations involving the careful 
study of such problems as_ conductivity, porosity, 
contraction, expansion, density, hardness, softening 
points, and effects of load. This brief summary of the 
work to be done would show of what great benefit to 
the industry as a w'iole such a Research Association 
could be if properly conducted and worthily supported. 


Election of Officers. 

In connection with the election of officers, etc., Sir 
W. J. Jones was, after a year’s interval, again elected 
President of the Ceramic Society. Messrs. W. Hamii!- 
ton, D. Sillars, — Whiteley, and Dr. A. McCance 
were added to the list of Vice-Presidents, and new 
members of the Council include Messrs. G. V. Evers, 
Cosmo Johns, and Cyrus Jones. 

It was announced that the autumn meeting will be 
held at Stoke-on-Trent, the spring meeting of 1920 in 
London, and the autumn meeting of 1920 in the United 
States. 
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Pulverised Coal. 

Mr. Leonarp C. Harvey has recently submitted to 
the Fuel Research Board a detailed report on the 
whole subject of the preparation and application of 
pulverised coal in America. This report has now been 
published by the Board as “ Special Report No. 1” 
(H.M. Stationery Office), and we give herewith 
extracts therefrom. The Paper on the same subject, 
recently presented to the Iron and Steel Institute by 
the same author was intended as a supplement to the 
present Report, which is divided into six chapters. 

In Chapter I. are set out the principles underlying 
the process, and a short description is given of the 
plant. A more detailed description of this and the 
equipment was given in his Paper just referred to, 
and is also given in Chapter III. Chapter I. also con- 
tains a discussion of the range of fuels which can be 
used by this method. 


Range of Fuels. 


_ There is no bituminous coal which cannot be burned 
in pulverised form. The ash content will be the 
determining feature as to whether a certain coal is to 

2 recommended for any specific purpose, but, broadly 
— any bituminous coal with an ash content 
up to or even 40 per cent. can very well be burned 
in this manner. 

There is now no difficulty in burning anthracite 
coals in sufficient volume. For the smaller sizes of 
furnaces it may often become necessary to mix a 
certain percentage of bituminous coal with anthracite, 
especially in locomotive work, owing to the limited 
area of the combustion chamber and the absence of 
any large body of hot refractory brickwork. The 
average annual output of the anthracite coalfields of 
Pennsylvania was, for the five-year period ending 
December 31, 1915, practically 70,000,000 tons. About 
8 per cent. of this total output was hitherto con- 
sidered as waste, it being of such a nature that its 
satisfactory combustion, either in hand or stoker fired 
furnaces, was not found possible. Its utilisation in 
pulverised form is, however, ag and practicable, 

] 


and has been in use at a colliery in the Scranton 
district of Pennsylvania for about two years. Drying, 
pulverisation and handling is accomplished in the 


usual manner, the product averaging about 14 per 
cent. through a 100-mesh screen and 86 per cent. 
through a 200-mesh. No difficulty is experienced in 
handling, but the wear on the type of pulveriser in 
use is somewhat higher than when straight bituminous 
is being worked. 

As regards lignites and peat, these fuels in their 
natural state contain a heavy proportion of moisture, 
but lignites are being successfully dried for efficient 
pulverisation, and have been used on locomotives with 
satisfactory results. While lignites can be burned on 
grates when used fresh after delivery, they rapidly 
disintegrate and become a mere heap of fine dust when 
exposed for any length of time to the weather. In 
the disintegrated state they can neither be burned on 
mechanical stokers nor upon hand-fired grates. For 
the purpose of burning in pulverised form, however, 
it matters nothing whether the fuel has been freshly 
delivered or has been reduced to a state of dust by 
weather. As with lignite, the chief difficulty in the 
treatment of peat for rendering it suitable for pul- 
verisation lies in the heavy content of moisture to be 
driven off before it can be properly powdered. Peat 
in its natural state contains 90 per cent. of water, 30 
that it becomes necessary to dry it by air or 
mechanically before delivery to the mill for final 
drying and pulverisation. Lignites and peat need not 
be dried to below 5 per eent. of moisture for efficient 
burning in powdered form. In fact, it is advisable 
not to dry lignite below this limit, otherwise the 
hydrogen and ‘light gases in the fuel will escape to 
the stack before their combustion can take place in 
the furnace. Peat mixed with bituminous coal has 
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now been used in powdered form in locomotives on 
the Swedish State Railways for some years. 

Hard dry pitch can be pulverised in certain mills 
adapted for the purpose. In some instances it has 
been recommended to run one or two mills in series 
rather than to attempt final pulverisation in one mill. 
The heat generated is the more readily dissipated in 
this manner. A new method of obtaining the 
powdered or granulisation of pitch, to almost any 
degree of fineness, is by means of centrifugal force 
The product is then in the form of minute spherical 
particles. 

Gasworks’ coke or coke breeze contains too little 
volatile combustible matter to be used by itself in 
the pulverised form. Coke in powdered form has 
been burned in some cases in America, but actual data 
are not forthcoming. The admixture of a _ email 
quantity of volatile bituminous coal to the coke breeze 
is a matter dependent upon the analysis of the coke. 
If anthracite culm of 8.30 per cent. content of vola- 
tile can be burned, straight, in locomotive fire-boxes, 
a by-product coke with a volatile content of 10 or 15 
per cent., made in accordance with the object in view, 
should be a very useful fuel for burning under boilers 
or in metallurgical furnaces. 


Steel Industry. 


In repeating the opinions of users and owners, the 
names Rave been omitted. 

Open Hearth Steel Melting Furnaces.—The advan- 
tages claimed are that pulverised coal can be applied 
with assured success, showing in some cases economy 
in fuel over producer gas firing with, however, no 
additional life of brickwork, but slightly the reverse. 
As regards range of fuels, a good grade is desirable, 
a suitable analysis being as follows :—Volatile matter, 
not -under 36.00 per cent.; fixed carbon, not under 
2.00 per cent.; moisture, not over 1.25 per cent. ; 
ash, not over 6.00 per cent.; sulphur, not over 1.00 


per cent. About 50 per cent. of the ash settles on 
the bath of steel and is tapped off in the usual 
manner. 30 per cent. to 40 per cent. should be 


deposited in the slag pockets provided for this pur- 
pose, and 10 per cent. to 20 per cent. will accumulate 
in the chequers, principally on the first few rows of 
brickwork. : 

Some of the opinions of users are :—(1) Would not 
recommend powdered coal in preference to producer 
gas, or coke oven gas of 500 B.T.U. For producer 
gas furnaces 6 million B.T.U. are used per ton of 
steel, for powdered coal furnaces from 65 to 7 
millions. (2) The tar and by-products make firing by 
means of producer or coke-oven gas more profitable. 
(3) Pulverised coal would be satisfactory for inter- 
mittent work, but for continuous output no time can 
be spared for cleaning out ash deposit in chequers and 
flues, if powdered coal were used. (4) For small 
plants where time permits the cleaning out work to 
be done, would recommend pulverised coal. (5) In 
relatively small plants results have shown a consump- 
tion of coal in powdered form of 540 lbs. per ton of 
steel as against Ibs. in gas producers. This 
gentleman was comparing his steel-melting plant of 
some 20 or 30 sixty- to two-hundred-ton furnaces with 
the relatively small plants. (6) Prefer tar to 
powdered coal; better heat and no trouble with ash. 
Powdered coal more economical than producer gas, 
but would prefer tar to anything. (7) Two 45-ton 
furnaces on powdered coal, two on tar heats with the 
former fuel take 8 to 10 hours, but 11 to 12 hours 
after cleaning out the chequers. Average ccal con- 
sumption 422 lbs. per ton of steel, consumption of tar 
45 to 50 gallons (American) per ton. Chequers with 
powdered coal firing naturally wear out more quickly 
than when tar or gas is used, the practice being to 
clean out one end after 40 to 50 heats, and the oppo- 
site end after the subsequent heat, the time taken to 
complete each operation being 2 hours. (8) Coal used 
ta run under 1 per cent. sulphur, but now it takes 
more lime to counteract the increased percentage of 























sulphur. No other trouble is experienced with the 
use of pulverised coal. The average sulphur and ash 
content of the coals then being burned showed :~Ash 
about 8 per cent., sulphur about 2.25 per cent. (9) 
For open-hearth furnaces using powdered coal would 
advocate the provision of three sets of chequers 
instead of the usual two sets. Average life of 
chequers before rebuilding becomes necessary, 150 
heats, much of the brickwork being, of course, usea 
again. (10) No severe cutting away of the furnace 
lining experienced, and can put in a new back wall in 
2 hours after charging a heat. (11) Discarded pro- 
ducer gas in favour of pulverised coal on account of 
lower cost for running the plant and greater output 
obtained thereby. This has been definitely confirmed 
in practice, the monthly output with producer gas 
being from 10,000 to 11,000 tons and with the 
powdered coal furnaces 16,000 tons. (12) With 
powdered coal there is no necessity to burn out the 
flues as is the case with producer gas; this operation 
had to be carried out every three weeks, whereas it 
is now possible to run the coal-fired furnaces day in 
and day out for 150 heats. The writer also makes re- 
ference to the advantage derived from the use of pul- 
verised coal in soaking pit, billet-heating, forge and 
other furnaces. 








The German Steel Industry and 
Socialisation. 


In a remarkable address delivered before the Verein 
Herr A. Vocter, President of this Association, 
touched upon the question of the socialisation 
of the iron and steel industry, which, in his 
opinion, must raise serious misgivings. The aim of 
the defenders of socialisation was to increase output and 
reduce costs; but to realise these aims a thorough 
knowledge of the craft and of its latest achievements 
and discoveries were essential. Socialisation must 
eventually end in the bureaucratisation of the industry, 
which would not be able to apply new theories to 
practice in the shops. 

The workmen were pressing for a greater share in the 
profits; there was willingness to concede them, but the 
change could be brought about in quite another way, 
and without socialisation. An allied Aesociation—the 
North-Western Group of the Association of Iron and 
Steel Makers of Diisseldorf—had been engaged for some 
time past in trying to arrive at a solution of the 
problem. 

In a recent publication, Privy Councillor Deutsch 
had proved that even if the aggregate profits of sixty 
odd concerns, representing a total’ share capital of 
£125,000,000, were wholly surrendered to the workmen, 
there would only be an average increase in their wages 
of 11 pfennigs (1.3d.) per hour per worker, or 270 
marks (£13 TOs. at par exchange) per annum. These 
figures showed how unjust the accusation was about the 
exploitation of the workmen by capitalists, at 
any rate in Germany. On the other hand, 
the employers .could not escape the blame for 
having allowed the guidance of their workers to slip 
out of their hands, and for not having devoted more 
attention, at the right time, to the enlightenment of 
their workmen as regards economic conditions. They had 
allowed them to fall into the hands of people whose 
interest it was to embitter rather than to smooth over 
any dissensions between masters and men. On the 
other hand, the institution of Works’ Councils had de- 
veloped to such an extent that co-operation between 
employers, trade unions, and works’ councils appeared 
to be worthy of consideration and further study. 

The President concluded his address by stating that 
unemployment would soon cease if everybody would 
fall in at his proper post and begin to work seriously. 
It was necessary for contract work to be done in all 
departments—contract work with the hands and con. 
tract work with the brain. This was the only way that 
would lead to maximum efficiency being obtained. 
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Mica Schist for Lining Cupolas 
and Steel Converster.* 


By P. G. H. Boswett. 

** Ganister’’ consists of a sloppy mixture of broken 
quartzite or ganister rock (sensu stricto) and fireclay 
or ground ganister. Such a mixture is used to a sma!! 
extent in American foundries, but a large number of 
works employ a rock belonging to the mica-schist group, 
which is quarried in Pennsylvania and New Jersey, in 
each case not far distant from Philadelphia. The two 
chief localities for the rock are Glenside, north of 
Philadelphia, Pa., and Edge Hill, New Brunswick, 
N.J., and from these places, on the eastern seaboard, 
the material finds its way all over the steel-producing 
areas of the East and Middle West. The Glenside and 
Edge Hill rocks are very similar to one another, but 
the following description actually applies to the latter 
material, which is known commercially as ‘‘ The Edge 
Hill Silica Rock Company’s Mica-Schist.’’ 

In hand-specimens the rock is cream coloured and of 
clean appearance. Clayey and dusty minerals or de- 
composition products are absent. e rock, although 
foliated like all schists, ig fine-grained and compact. 
Sections across the edges of the folia and cleavage planes 
are firm and compact, and joints break the rock cleanly 
and firmly across these planes. The surfaces of the 
folia are lustrous and silky with small plates of white 
mica (muscovite). Thin bluish bands interpenetrate the 
white folia and constitute about one quarter of the 
bulk. The rock ig fairly hard, and even the foliation 
surfaces cannot be scratched by a knife without some 
difficulty. Nevertheless, the rock is easily split parallel 
to the folia and worked into the required shapes. A 
chemical analysis of an average sample of the rock, 
kindly carried out by Dr. H. F. Harwood, of the 
Imperial College of Science and Technology, London, 
S.W., is as follows:—SiO,, 81.58 per cent.; Al,0,, 
10.04 per cent.; Fe,O,, 2.24 per cent.; FeO, 0.32 per 
cent.; MgO, 0.19 per cent.; CaO, 0.22 per cent. ; 
Na,O, 0.08 per cent.; K,O, 3.38 per cent; H,O+, 
1.74 per cent.; H,O—, 0.27 per cent; TiO,, 0.34 per 
cent.; CO,, none; P,O,, trace; MnO, trace; BaQ, 
0.03 per cent.; Cl, trace. About 68.6 per cent. of 
silica is present in the free state, that is, in the form 
of quartz. The percentage of water driven off above 
105 deg. C. (=H,0O+, 1.74 per cent.) is practically all 
accounted for as hydrogen in the muscovite, and com- 
bined water in the iron oxide. 

Method of Use.—The rock is built by masons into 
the walls of converters and cupolas, inside the firebrick 
casing, in the usual way. The Edge Hil! Company 
rightly insists upon the rock being set with the 
cleavage edges, ard not the faces, forming the inner wall. 
The rock is obviously liable to chip and spall if the 
foliation planes are get parallel to the walls. Never- 
theless, the writer saw several cases in the States where 
the rock had been so set, and the extraordinary thing 
was the successful way in which the material withstood 
the effects of hot metal. The schist is set in a mortar 
usually made from the local fireclays, but sometimes 
from the crushed rock itself. The company claims, 
and with good reason, that the rock is easily dressed. 
that it leads to the production of smooth walls, and 
that it does not easily cut back. To these qualities the 
writer can testify, but has no figures immediately at 
hand regarding the number of heats usually obtained 
from linings of this rock, nor any results which serve 
to show how far the quartz present has suffered in- 
version to cristobalite or tridymite. It is claimed that 
the rock glazes under severe heat, and that slag and 
clinker do not adhere to it. The glazing ig inexplicable 
when we consider the quantity of potash present. In- 
deed the rock is, in practice, actually more refractory 
than its chemical composition would lead us to expect. 


* Abstract of Paper read before the Refractory Materials Sec’ ion 
of the Ceramic Society. 
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Some Criticisms by a Firebrick 
Manufacturer.* 





By G. R. L. CHance. 


As a manufacturer of what are commonly known as 
Stourbridge firebricks, it has been my ambifion ever 
since 1 went into business to go in for more scientific 
methods of manufacture with the object of producing 
better quality bricks for various classes of work, and not 
necessarily the same brick for every class of work, as 
has often been the practice of not a few firebrick works 
in the past. With this object in view we built a 
laboratory at our works about five years ago, and we 
now have installed there an embryo chemist. I must 
confess, however, to a feeling of great disappointment 
and discouragement due to the attitude still adopted 
very prevalently by users of firebricks in this country, 
and at times I almost feel tempted to devote myself 
to the most economical production of the same quality 
firebrick which we have been making for 60 or 70 years 
with some success, and leave scientific investigation to 
others. I speak as a manufacturer of firebricks only, as 
distinct from any other kind of refractory material ; 
I only speak from my own experience and I propose to 
be perfectly candid. 

The first consideration of a business man is to make 
hig business pay. The question then arises: “Is 
scientific research so far as it concerns the individual 
firebrick manufacturer going to pay him for the outlay 
expended? ’’ The success of any business depends on 
three things: (1) The efficiency of the saleg department ; 
(2) cheapness or economy in cost of production, and 
(3) the quality of the finished product. In my opinion, 
in a firebrick business the first of these considerations 
is far and away the most important, and the last easily 
the least by comparison with the other two. I do not 
mean to imply that one’s business is likely to be suc- 
cessful if one’s goods are bad or inferior to most others 
on the market, but, given a reasonably good quality 
brick, I have as yet found comparatively little incentive 
from users of firebricks to improve the quality till 
further. 

I should like to give one or two examples of what 
I call the lack of encouragement given to manufacturers 
to make an improved quality firebrick. 

(1) In nine cases out of ten, where ordinary squares 
are wanted, an inquiry is sent out for ‘* best. quality 
firebricks,’’ or perhaps ‘‘ best quality Stourbridge fire- 
bricks ’’ (I am, of course, dealing with inquiries in my 
own district). No specification is given and no details 
are given as to what particular work the brickg are 
wanted for. Generally speaking, the order is given to 
the firm quoting the lowest price, or, if the engineer 
or furnace builder has been in the habit of buying from 
one particular firm, a preference would perhaps be 
given to that firm of a few shillings a thousand; 
bricks 2s. 6d. per thousand more in price I have had 
described to me by a customer before the war ag being 
at ‘‘a considerably higher price,’ and something 
wonderful was expected for this extra half-crown. I 
have also known a prospective customer say he did not 
mind paying sixpence a thousand more for a better 
quality brick. My point is that either a very ordinary 
quality firebrick. is wanted where perhaps the bricks 
are not going to be used to destruction, where they are 
not expected to stand a high temperature and where 
they should stand for some years; in other words, 
where the quality of the brick is not really a primary 
consideration, or else the quality of the brick is really 
a consideration, in which case it seems absurd to split 
hairs over price. 

(2) I think firebrick users are often very unreasonable 
in another way also. They frequently ‘will not allow 
manufacturers a reasonable time to make the special 
firebricks they want. The result of hurrying large stuff 





*abstract of Paper read before the Refractory Materials Section 
of the Ceramic Society. 








THE FOUNDRY TRADE JOURNAL. 





is generally disastrous. Take, for example, blast-furnace 
lining lumps 6 in. thick and, say, 30 in. long. Unless 
they are dried slowly and burned slowly they will 
come out with black cores, cracked or warped. It is, 
I think, an unchallenged fact that the longer large bricks 
are given to dry the better they are, and that it is 
much better to set them in the kilng white hard. And 
yet time after time orders are held up for no apparent 
reason, and the bricks are then wanted in the minimum 
of time. Orders are often placed with firms who offer 
the quickest delivery, and for this reason the tendency 
is for manufacturers to offer quicker delivery than they 
ought to, compatible with the bricks being made pro- 
perly. The result is that either the bricks are badly 
made or the stipulated time for delivery is exceeded 
In either case the manufacturer gets blamed. 

For some classes of work it is essential that the 
bricks ghould be very well burned and of good shape, 
and it is a puzzle to me why firebrick users still haggle 
over a few shillings per ton or per thousand instead of 
paying a slightly higher price and insisting on the best- 
quality brick. It is quite easy to make good and bad © 
bricks with the same materials, but there is not always 
a etrong incentive to a manufacturer to make the best 
brick if he is beaten down to the lowest halfpenny. 

Here again, I think blast-furnace linings illustrate 
my point. Before the war thousands of tons of linings 
were made for 20s. per ton, or thereabouts. I defy any 
firebrick manufacturer to say that he could make a 
reasonable profit at that price, and yet blast-furnace 
managers will tell you that it is of great importance 
for the joints in a lining to be tight, the bricks to be 
evenly burned all through and to be perfectly flat, a 
standard of perfection which was often not reached 
with goods sold at three timeg the price. 

While on the subject of blast-furnace linings I would 
like to know the real reason why some blast-furnace 
managers prefer comparatively small bricks 4 in. thick 
and about 14 in. Jong, and others insist on large bricks 
6 in. thick, each brick weighing about 1} cwts. The 
reasons I have heard advanced are on the one hand 
that the smaller bricks are better burned, and on the 
other hand that it is preferable to have as few joints 
ag possible, and the fewer the joints the less chance 
there is of a rock on the bricks when laid. As a 
matter of fact, if the bricks are made perfectly, the 
chief objections would be removed in either case, and 
the smaller bricks could be turned out twice as fast 
A great deal could be done with a carborundum wheel 
to remove elight imperfections of shape and thereby 
to ensure tight joints. 

(3) One occasionally meets with users of firebricks 
who insist on using firebricks coming from other dis- 
tricts for certain classes of work. When questioned 
they generally say, ‘“‘ Oh, we have tried Stourbridge 
firebricks often but they never last; we find those we 
are now using last longer, and we do not propose to 
make a change.’’ I think it is a mistake for a fire 
brick user to take uo that attitude; he should help 
the manufacturer to find out the reason for failure by 
giving him what information he can, and by offering 
to make tests of his bricks in actual use by building 
them in with other bricks and watching their behaviour. 
In tests I have found the analysis of two competitive 
bricks to be entirely different. In one instance I was 
told by the manager of a steel works that he had found 
another brick which would last six times as long for a 
certain purpose as our own brick which he had been 
in the habit of using for several years previously. I 
tested this brick in every way I could. It was machine 
made, and owing to insufficient tempering or pugging 
of the clay there were longitudinal cracks and creases 
in the brick; it had a poor refractoriness (cone 28—29), 
it showed a contraction of 2.99 per cent., but it had 
an entirely different chemical analysis to our own 
brick. Added to this, the brick came from another 
district, and was cheaper owing to the clay from which 
it was made being worked in a quarry instead of a 
mine. 
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I do not think firebricks should ever be described as 
‘* first’ or ‘‘ second ”’ quality at all. What is “‘ first "’ 
quality for one class of work is “‘ second ”’ quality for 
another class, and vice versa. 

There is still a great deal of prejudice amongst users. 
Take, for instance, machine-made firebricks. There 
are, of course, different kinds of machine-made bricks ; 
but some users refuse to look at a machine-made brick 
of any kind for any purpose. Even wire-cut firebricks 
are quite as good and better than hand-made for cer- 
tain purposes, though I still believe that hand-made are 
preferable in some cases. Perhaps some firebrick manu- 
facturers will question this statement, as I believe there 
are works where all squares are now made by machine ; 
but it is very largely a question of the nature of the 
fireclay. Some clays do not lend themselves to making 
good machine-made pressed bricks, though they may 
be all right for making wire-cut bricks. I am quite 
certain, however, that a wire-cut firebrick is decidedly 
inferior to a hand-made brick for some classes of work. 

It has been said to me by more than one person 
eminent in what I might call the Refractory Materials 
world, that Stourbridge is losing its reputation fast, 
and if we don’t put our house in order we shall soon 
be left out in the cold altogether. I have thought a 
good deal about it and have come to the conclusion 
that, compared to the general practice in this country, 
only in one way is Stourbridge behindhand, and that 
is in the type of kiln universally used throughout the 
district with one or two notable exceptions. I may say, 
however, that Stourbridge is not the only district by 
any means which is out of date in this respect. Fuel 
economy is really a national question, and it should 
be quite possible to save more than half the fuel used 
in firebrick works throughout the country if the ques- 
tion were tackled properly. For this reason I believe 
this is the most important question before the trade 
to-day, and I hope the Refractory Materials Section of 
the Ceramic Society will take up the subject seriously 
and without delay. I should like to see a committee 
formed to investigate all the different types of kilns 
in existence and try to come to some conclusion as to 
the best type of kiln for burning firebricks. Another 
subject I should like to see tackled without delay is the 
standardisation of patterns. 








ACID RESISTING IRON APPARATUS. — Accord- 
ing to a recent Paper by Mr. S. J. Tungay, presented 
to a meeting of the Manchester Section of the Society 
of Chemical Industry, on acid-resisting iron apparatus : 
—(1) The metal was not malleable or ductile, and could, 
therefore, only be produced in the form of castings. 
(2) If of correct acid-resisting quality it could not be 
turned, drilled, or screw-threaded, but was only 
machinable by means of grinding at high speeds with 
abrasive materials. (3) Owing to the very consider- 
able shrinkage of the castings in cooling, it had been 
found almost imperative that all flat surfaces must be 
avoided, and vessels, instead of being flat-bottomed, 
should be well rounded. In the manufacture of pipes 
either flanged connections or socket connections must be 
adopted, as the metal could not be screwed or tooled 
in a lathe. Covers of vessels must be domed as well 
as the bottoms dished, and pipes and other similar 
castings should be so arranged that the cores were sup- 
ported without chaplets. All cores had to be as stiff 
as they could be made, and particularly well supported 
in the prints so as to ensure clean and good castings. 
Flanges of pipes and vessels could be webbed, or 
filleted to the main body or surface of the casting, and 
bolt slots cored in flanges in preference to bolt-holes, 
which could not be drilled. Very satisfactory flanged 
connections had been made by casting lengths of pipe 
with a conical buttressed flange instead of a flat flange, 
cast-iron clips in halves being utilised to clamp the 
joints together. Buttressed joints were most satisfac- 
tory, as no part of the flange was liable to break off 
through irregular bolting. 
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Electric Steel Plant at Toronto. 


In January, 1917, the chairman of the Imperial Muni- 
tions Board of Canada authorised the construction of 
ten Héroult electric furnaces at the plant of the British 
Forgings, Limited, located at Toronto, to deal with the 
large amount of steel turnings accumulating in all 
the munitions industries. The available power from 
Niagara Falls made the proposal a commercial possi- 
bility. Steel was made in No. 1 furnace in June, 
1917, and the remaining nine furnaces were completed 
by August 18. The building is 610 ft. long, contain- 
ing 27 bays of 22 ft. 6 in. each. The furnaces are of 
6 tons’ capacity, with tilting mechanism of the 
standard Heéroult type, except that the lifting arms 
were lengthened 2 ft. to permit the erection of a steel 
brick-lined pan under the furnace shell, sloped toward 
the ladle pit so that, in case of a break through the 
furnace, no metal would reach the tilting mechanism, 
which is located directly under the furnaces. In front 
of each furnace there is a full-width opening in the 
charging floor for swinging the ladle, which is covered 
by a removable plate during the melting period. Elec- 
tric power consists of three-phase 25-cycle 13,200-volt 
alternating current. The primary current entering the 
transformer room passes through electrolytic lightning 
arresters, 30,000-volt oil circuit breakers to 1,500 va. 
water-cooled transformers. Each furnace has a trans- 
former which supplies current at 100 volts, through 
delta connected secondary bus-bars and 18 flexible 
cables, six cables to each phase. Three electrodes are 
used per furnace, each 17 in. in diameter. The trans- 
formers run on rails, so that with the furnace tilted 
and cables disconnected they can be rolled out of the 
transformer room and handled by cranes. The fur- 
naces are equipped with Thury regulators in the trans- 
former room. In the rear of each furnace on the 
charging floor level is the furnace control switchboard, 
which carries the ammeters and the winch for raising 
and lowering the electrodes. The central bay of the 
transformer room is partitioned off, and contains the 
main ewitchboards for the control and service switches 
and recording and indicating meters. Directly under 
this control room, but on the casting floor level, is 
located the general service equipment, consisting of a 
60-cell storage battery; 250-kw. and 300-kw. motor- 
generator sets for volts, direct current; a 250- 
cub.-ft. capacity air compressor, oil pumps and elec- 
trical repair shop. Three 300-kva. service trans- 
formers are located in the transformer room. The 
scrap storage yard is 610 ft. long and has a capacity 
of about 12,000 tors, It is enclosed and commanded 
by two 10-ton 75-ft. span travelling cranes, each 
equipped with a 55-in. lifting magnet. The charging 
floor is extended into the storage yard so that scrap 
cars can be served by the yard crane. These 24-in. 
gauge cars pass from weighing scales to a point 
between the furnaces, where they are dumped and 
the material hand-charged into the furnaces. The 
plan of the plant affords excellent opportunity for a 
system of bins. A narrow-gauge track extends along 
the row of bins so that materials can be loaded into a. 
car and conveyed to points underneath the hatches in 
the charging floor. An overhead runway for an 
electric hoist extends the full length of the trans- 
former floor, for hoisting stock from the general 
storage bins to the charging floor. These works have 
recently been acquired by Baldwin’s, Limited. 


eS 





As a result of negotiations between the Gas, Muni- 
cipal, and General Workers’ Union and the employers 
in the cast-iron hollow-ware trade, the latter have 
undertaken as from April 1 to readjust piece prices in 
order to enable the average workman to earn 33} per 
cent, on the day rate of 1s. Ojd. an hour, plus the 
bonus of £1 1s. 6d. and 124 per cent. It was also 
agreed that all piece workers in the cast-iron hollow- 
ware trade should earn 33$ per cent. on their appro- 
priate day rate. 
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The Annealing of Chains. 


Ly J. E. Hurst. 

It is customary in practically all works, fac- 
tories, and foundries where steel chains are used 
for hauling, lifting, and slinging purposes to sub- 
ject the chains to a periodical annealing treatment. 
The object of this treatment is to eliminate the 
fatigue strains set up in these chaing as a result 
of their repeated subjection to stress. It ls now 
common knowledge that the subjection of steel] to 
repeated stress modifies the internal character of 
the steel in such a manner as to render the steel 
extremely brittle; and if the repeated stressing of 
the material is continued the material ultimately 
fractures. 

The legal requirements as to annealing chains 
are not specifically stated as such in the existing 
Factory Acts. The Canels, Docks, and Wharves 
Act definitely requires the annealing of chains 
under its jurisdiction. In no case, however, is the 
actual treatment to be given the articles specified 
in detail. It is highly probable that the view 
taken of this matter is that the actual testing of 
chains up to their safe working load, which is dis- 
tinctly specified, is sufficient to eliminate any 
defectively treated chains, and consequently is in 
itself sufficient safeguard against accident. 

In the light of our existing knowledge it would 
appear that this view is not strictly correct. The 
actual submission of a chain to a steadily applied 
stress, and its failure to give any signs of frac- 
ture under such conditions, is not sufficient guaran- 
tee that the chain is perfectly sound. It has been 
shown that brittleness in steel may exist to a 
serious extent without any indications being given 
in either the ultimate strength or the ductility 
figures. 

(Rosenhain & Hanson,Journal Iron and Steel Inst.) 

This brittleness is only detected on the employ- 
ment of a notched bar impact test or from an 
examination of the proportionality curve. It was 
also shown in this same investigation that steel 
after subjection to work developed brittleness, as 
revealed by the notched bar test, to a remarkable 
degree after annealing for a period at tempera- 
tures in the neighbourhood of the pearlite point 
(700 deg. C.) approximately. These same pheno- 
mena have been investigated by other workers, 
including Stead in this country and Chappell in 
America, and the results appear to show that the 
brittleness is brought about chiefly as a result of 
the excessive growth of the Ferrite crystals when 
annealed in this region of temperature after sub- 
jection to a certain degree of work. There is 
also every reason to believe that the brittleness 
reaches a maximum depending upon the extent of 
the work done on the material previous to anneal- 
ing at these low temperatures. 

It will therefore be fully appreciated that the 
actual testing of chains up to their safe working 
load, or even to destruction, does not necessarily 
give any indication as to their freedom from 
brittleness. 

The anealing of chains is carried out in many 
works in a very unsatisfactory manner. It would 
appear to the writer that it is a prevailing concep- 
tion amongst many engineers that it is sufficient 
for the chains ‘ to be put through the fire.’’ This 


question was brought to the writer’s notice by 
seeing a chain annealed by heating in an ordinary 
blacksmith's hearth. 


This particular chain was 
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annealed in stages of about 18 in. at a time until 
the whole had been through the fire. Annealing 
as carried out in this manner is most unsatisfac- 
tory, and, apart from the danger of overheating, 
which there certainly does appear to be every 
attempt to avoid, there is also the danger of not 
heating to a sufficiently high temperature, under 
which circumstances the brittleness phenomenon 
above mentioned might be anticipated. 

Whilst the writer personally has never met with 
a chain that has failed, the danger of such indis- 
criminate treatment as that above mentioned can- 
not be over-estimated, and it appears necessary to 
point out, for the guidance of many engineers, 
works and foundry managers, and others, that the 
annealing of chains should be carried out by heat- 
ing to the temperature of the upper critical point 
or just above—which for most steels used in chain 
manufacture is in the region of 850 to 900 deg. C.— 
and followed by cooling in air. Needless to say, 
it is necessary that the chains be uniformly heated. 

The practice prevailing in certain works of sub 
jecting chains to a prolonged soaking at compara- 
tively low temperatures in the region of 800 deg. 
C. is not to be recommended, nor is it necessary to 
subject chains to a prolonged soaking at higher 
temperatures than this, followed by very prolonged 
cooling. 

In conclusion it might be emphasised that the 
annealing of chains is a matter of sufficient im- 
portance to warrant it being carried out with 
scrupulous care, and, viewing the subject from 
the unsympathetic commercial standpoint, “ it 
costs no more to carry out the annealing operation 
with scrupulous care than it does to carry it out 
negligently.” 








MECHANICAL PROPERTIES OF STEELS.—At a 
joint meeting of the British Foundrymen’s Association, 
the Birmingham Metallurgical Society, and the Staf- 
fordshire Iron and _ Steel Institute, held _ re- 
cently at the Birmingham University, Mr. George Car- 
rington presiding, Dr. Hatrrerp (Sheffield) gave the 
results of some recent experiments upon steel, the 
object of which, he explained, was to see if it was 
possible to improve the qualities of various steels and 
make them more serviceable for the particular pur 
poses required. The special method adopted was to 
employ a great variety of tests 60 as to give every 
element of the steel a fair chance to show itself. The 
tensile test was extensively used, and they also made 
large use of the Izod test, the Stanton test, the Arnold 
test, and others specially devised to detect brittleness. 
In ninety-nine cases out of a hundred it was essential 
that the part that was made of ateel should not be 
deformed on the surface, but it was possible for such 
tests to yield very little evidence as to how the steel 
parts would behave under stress within the elastic 
range. During the war a good deal of trouble was 
experienced with certain structural steels, and that 
was particularly the case where shell-discard steel had 
been used for the production of structural material 
It wag a remarkable fact that some of it stood quite 
satisfactorily until it was submitted to a different 
kind of test. In one instance it was found that the 
trouble was caused by an almost invisible crack which 
had been produced by a mistake in the mechanical 
treatment, and it was clear that a especial kind of 
test must be devised to detect a defect of that kind 
The speaker proceeded to give figures dealing with 
crank-shafts, tyres, cutlery steel, and forgings of dif- 
ferent kinds, all of which illustrated his contention 
that it was impossible to know all about the quali- 
ties of different steels without submitting them to a 
much wider range of test than was now the practice. 
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Factors Influencing the Properties 
of Silica Bricks (Part 1.*) 


By ALEXANDER Scorr, M.A., DSc. 

The chief non-siliceous materials which occur in the 
rocks used in the manufacture of silica bricks are 
alumina, titanic oxide, iron oxide, lime, magnesia and 
alkalies, the amount of any one of them being generally 
less than 2 per cent. The object of this work is to 
investigate the effects of some of these on the inver- 
sion of the quartz to the high-temperature forms and 
on the properties of silica bricks. 

The silica rock used was vein quartz of a fairly 
high degree of purity. The rock was broken up in a 
smal] steel crusher and sieved. Some of the material 
was treated with acid in order to see if much iron 
had been added in the crushing, but the amount ex- 
tracted was negligible. For the making of the bricks 
the material which failed to pass a 4’s sieve was 
rejected, and the remaining fractions taken in such 
proportions as to give practically a ‘‘ straight line 

rade.”’ 

, The bonding materials used were as follows :—A, 
Lime (Ca0). B, Magnesia (Mg0O). C, Alumina 
(Al,O,). D, Iron oxide (Fe,0,). E, Iron oxide 
(Fe,O,)+carbon. F, Titanic oxide (TiO,). G, Lime 
and magnesia. H, Lime and alumina. I, Lime and 
iron oxide (Fe,O,). J, Lime, iron oxide and carbon. 
K, Lime and titanic oxide. L, Magnesia and alumina 
M, Magnesia and iron oxide. N, Magnesia, iron oxide 
and carbon. O, Alumina and iron oxide. P, Alumina, 
iron oxide and carbon. Q, Lime, iron oxide and titanic 
oxide. R, Glenboig fireclay. §S, China clay. The 
materials were ordinary laboratory chemicals except 
in the case of the last three. The amount used was 2.5 
per cent. in the case of the simple oxides ; 1.25 per cent. 
of each where two oxides were used, while in Q 1 per 
cent. of each was taken. The carbon was ordinary 
charcoal, and the amounts in E were 2.5 per cent. 
oxide and 0.5 per cent. charcoal, and in J, N, P, 1.25 
per cent. of each oxide and 0.25 per cent. charcoal. 

The bricks were made in a vertical tile press, the 
approximate size being 2 in.x2 in.x1 in. After dry- 
ing they were hardened sufficiently for transport by 
firing in a pottery kiln to cone 8, the duration of 
firing being 24 hours. The blocks were then fired for 
the usual period in a silica brick kiln to three different 
temperatures, cone 14, cone 16, and cone 19. 

Micro-Examination.—The blocks fired to cone 19 
were sectioned and examined under the microscope. 

Conversion of the Quartz.—The factors which in- 
finence the conversion of the quartz include the nature 
and amount of the non-silicious materials present, the 
grain size of the quartzose material, the temperature 
of firing and the duration of firing. In order to test 
the effect of the second of these, the amount of 
residual quartz, left unconverted after 72 hours’ firing, 
was measured microscopically in the case of blocks 
A and J, the firing temperatures being cones 14, 16 
and 19. The results show that the conversion can 
be considerably increased if the firing temperature be 
increased. Since the rock used in this case was a pure 
quartzite, the conversion of which will in general pro- 
ceed much more slowly than in the case of a ganister, 
the increase in conversion of the quartz in the latter 
is likely to be appreciably greater. The results show 
that the amount of conversion is greatest in the blocks 
containing lime or magnesia, and in general is higher 
in the former than in the latter. The addition of 
iron oxide to lime or magnesia gives a higher degree 
of conversion than does either of the latter alone, 
while alumina has a similar though somewhat smaller 
effect. Iron oxide alone induces a high conversion, 
but afumina on the other hand gives a low conversion. 
In general the conversion is greatest in those cases in 
which bonding material forms a relatively fusible mix- 
ture with the fine-grained silica of the matrix. 





* Abstract of Paper read before the Refractory Materi.ls 


Section of the Ceramic Societ-. 


Specific Gravity.—The true specific gravity tends in 
most cases to vary directly as the firing temperature, 
— the apparent specific gravity follows similar 
ines. 

Porosity.—From the results the b'ocks may be 
divided into two groups; one in which the porosity 
varies irregularly with the firing temperature, and a 
second in which it varies regularly. A, B, C, D 
belong to the former, and H, K, L, N, O to the latter. 
The two groups correspond to those in the case of 
the apparent specific gravities. 

Ajter-Expansion—The standard test specified by the 
Institute of Gas Engineers consists in heating a brick 
of known size to cone 12, maintaining it at that tem- 
perature for two hours, and then, after allowing it to 
cool, measuring the increase in size. 

With regard to the results, the small expansions are 
found in the bricks in which the bond is a mixture of 
lime and iron oxide, while the next lowest occur in 
those in which these oxides are used separately. Mag- 
nesia gives a higher expansion than lime when used 
alone, and the same holds for combinations of these 
with alumina and iron oxides. Alumina and titanic 
oxide both give high values, but if another oxide is 
present in addition, the values are much lowered. The 
expansion in the case of the fireclay bond is low. 
The presence of carbon does not alter the after-expan- 
sion very much, but it is significant that in three out 
of the four cases tried, the bond containing carbon 
gives slightly lower values than the corresponding 
carbon-free bond. 


Taste I.—Showing the Results of Refractory Tests. 





Refractory Approximate 
Test Equivalent 
cone temp. 

CaO os ae 33 

MgO -. 33—34 

Al, V3 - - 36 

Fe,0; a - 36 a 

Fe,0,+C .. “ 34 Squatted 

i ‘ oe 35 77 Did not squat 

q 75 Squatted 


” 


Remarks. 
Squatted rapidly 
Squatted 
Dia not squat 


CaO + Al,O3 

CaO + Fe, 0, 

CaO +Fe,0; 

CaO + TiO, 
MgO + Al,O; 

MgO + Fe,0,+C 
Fe, 03 + AlgO3 en 
Fe,03+Alh03+C .. 
CaO + Fe,0; + TiO, 
Fireclay — 


Squatted slowly 


” ” 


Did not squat 


Squatted 
D.d not squat 


1740 
1790 





Spalling.—In general the bonds containing mag- 
nesia give somewhat lower values than those contain- 
ing lime. The addition of carbon to the bond seems 
to increase the ratio, as the values for D, I, M and 
O are lower than those for E, J, N and P respectively. 
The values for alumina and fireclay are high, while 
those for the bonds containing TiO, are low. 

Refractoriness.—The tests for refractoriness were 
carried out by the usual method. The results are col- 
lected together in Table I. In the case of those blocks 
which contained lime or magnesia as one constituent 
the softening is due to the fusion of the mixture of 
silicates and fine-grained free silica in the matrix. 
Where the bond consists of alumina or iron oxide. 
or a mixture of the two, the matrix and rock frag- 
ments seem to fuse simultaneously, and the softening 
point of the piece is practically the same as that of 
silica. The absence of squatting is due to the high 
viscosity of fused silica. Fireclay acts in a very 
similar’ way. 





A reunion of those members who have been de- 
mob‘lised from the Army was recently held at the 
totherham Branch of the Friendly Society of Iron 
Founders, when a_ presentation was made to Mr. 
Samuel Hird, who has this year completed fifty years 
of membership with the F.S.I.F., and for forty years 
has been Check Steward of the Rotherham Branch. 





Parliamentary Notes. 





Machine Tool Department. 

LieuTeNnANtT-CotoneL Srr J. Norton-GRIFFITHS was 
informed on Monday by Tre FinancraL SeEcRETARY TO 
THE MintsTER OF Munitions that the Machine Tool 
Department of the Ministry of Munitions, which had 
been greatly reduced owing to post-Armistice condi- 
tions, had been amalgamated with the remnant of the 
Department which dealt with gauges. It was intended 
that the combined section should be housed in one 
building. The administrative head of the section was 
an engineer with large commercial experience. Cer- 
tain members of the staffs of both of the old Depart- 
ments were being retained, in cases where their ser- 
vices could be utilised to advantage. He imagined it 
would always be necessary under the Ministry of Sup- 
plies to maintain the combined Department. 

Mr. Rose: Vo I understand that the Ministry of 
Supply is to be a permanent Department’ Is that the 
intention of the Government? 

Mr. Hore: A Bill will shortly be introduced for 
that object. 

Excess Profits Duty. 

On Monday Mr. CHampERLAIN stated that the fol- 
lowing regulat:on had been made under Section 40 (3) 
of the Finance (No. 2) Act, 1915 :— 

‘*The Comuirissioners of Inland Revenue shall, ‘n 
a«ldition to the powers conferred upon them by Section 
40 (3) of the Finance (No. 2) Act, 1915, have power in 
any case to ailow modification of the provisions of the 
4th Schedule to the above-named Act owing to depre- 
ciation through effinxion of time of any capital which 
is employed, in the trade or business and which is ex- 
pended upon and consists of patent rights, so far as 
such depreciation 1s not offset by goodwill arising from 
the user of, or interest in, such rights. This Regulation 
shall have effect as from the commencement of the 
above-named Act.’’ 

Applications for a regulation were carefully con- 
sidered on their merits. A regulation had been pro- 
mised in connection both with the loss on realisation 
of stocks and in certain conditions with the loss of 
goodwill in the case of controlled establishments. With 
the exceptions referred to above, the circumstances put 
forward in connection with the avplications which had 
hitherto been made had not been such as to justify the 
making of a regulation. 

Wages (Temporary Regulation) Extension. 

A Bill has been introduced to extend the operation 
of the Wages (Temporary Regulation) Act, 1918, for a 
further period of six months, viz., till November 21, 
1919, 


Excess Profits Duty. 

Mr. Girgert asked the Chancellor of the Exchequer 
on Wednesday whether a firm who made up ite 
accounts for the year at March 31, 1919, would have to 
pay excess profit tax at the rate of 80 per cent. for 
three-quarters of the period, and 40 per cent. for the 
last quarter ? 

MR. CHAMBERLAIN : If the proposals relating to Ex- 
cess Profits Duty, which are contained in the Budget 
Resolutions, receive statutory sanction in the forth- 
coming Finance Bill, excess profits arising in the 
accounting period of twelve months ended March 31, 
1919, will be chargeable to that duty at the rate of 80 
per cent. as respects three-quarters, and at the rate of 
40 per cent. as respects one-quarter of such excess. 
Excess Profits Duty. 


THe CHANCELLOR OF THE ExcHEQUER stated in the 
House of Commong on Monday, in reply to a question 
by Mr. Kiley, that the Excess Profits Duty had now 
been in force for some five years, and he was not 
prepared at thig date to introduce legislation which 
would have the effect of altering the whole scheme of 
the tax. 
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Health Conditions in Foundries, 

On Monday, Str R. Horne informed Mr. Davison 
that regulations were made in 1908 to deal with in- 
jurious fumes which arose during the process of cast- 
ing in certain brass foundries, and those regulations 
had had excellent results. No general representations 
as to unhealthy conditions in other classes of foundries 
had been received at the Home Office. 


Restoration of Trade Practices. 

Str Rosert Horne, Minister of Labour, presented a 
Bill on Monday to make provision with respect to the 
restoration after the present war of certain trade 
practices and to amend the law relating to munitions 
tribunals. 


British Key Industries. 

Str A. Geppes assured Major Kelley, on Monday, 
that under the transitional trade policy of the Govern- 
ment most definite steps have been taken to protect the 
key industries of the country by retaining control 
over the importation of products similar to theirs. 








Legal. 





Non-Ferrous Casting Company v. Horton. 

In the Chancery Division, on May 2, Mr. Justice 
Lawrence heard a motion by the Non-Ferrous Casting 
Company, Birmingham, to restrain E. N. Horton, 
Sheffield, from carrying on business in the same hame 
as that of the plaintiff company. 

Defending counsel said that he had offered to plain- 
tiffs that if they would pay defendant £50 to cover 
his expenses for stationery, etc., and the costs of the 
action, the defendant would change his name to the 
Sheffield Ingot (Non-Ferrous) Casting Company. 

Plaintiff's counsel said he would take an undertaking 
to change the name as suggested, ask for no costs, and 
treat the motion as the trial of the action. 

His lordship considered the plaintiffs’ offer a reason- 
able one, and after some discussion the motion was 
adjourned for a week in order that counsel might 
consult their clients. 


Distribution of Surplus Assets. 


Mr. Justice Astbury gave his decision on May 9 in 
the Chancery Division on a question submitted by the 
liquidator in the voluntary winding-up of Fraser & 
Chalmers, Limited. The issued capital of the com- 
pany was £441,000, divided into 63,000 preference 
shares of £1 and 378,000 ordinary shares of £1. His 
Lordship was asked to determine upon what principle 
the surplus assets of the company which would remain 
after payment of the liabilities of the company, the 
costs of the liquidation, the capital paid up on the 
preference shares, the arrears of the preferential divi- 
dend and the capital paid up on the ordinary shares 
ought to be distributed. It was estimated that there 
would be a surplus of £150,000 in the hands of the 
liquidator. The question at issue was whether the 
preference shareholders were entitled to participate. 
His Lordship held that the surplus assets must be 
rateably distributed between the ordinary and prefer- 
ence shareholders. 


Commission on Excess Profits. 


In the case of the Patent Castings Syndicate, 


- Limited, v. Etherington, the defendant appealed from 


a decision of Mr. Justice Younger upon a summons 
taken out by the plaintiff company for a decision on 
the question whether, where, under an agreement, an 
employé is to receive a commission on the net profits 
of his employer, the excess profits duty paid by the 
employer ~— t to be deducted from the profits before 
arriving at the amount of the commission. The Judge 
held that the excess profits duty must be deducted 
before the net profits were ascertained, and their 
Lordships upheld this view, dismissing the appeal. 
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Trade Talk. 





LAND is being cleared at Cowpen Square, Blyth, for 
the construction of a new shipyard. 

Fricker’s Metat Company, Limrrep, have removed 
from Langley Street to Portland Road, Luton, Beds. 

Tus CHALMERS-Eprna CoMPANY, manufacturers of 
pumps, etc., have removed to 39, Assembly Street, 
Leith. 

Mezssrs. Spooner, Son & Company, metal merchants, 
etc., have removed to Dashwood House, New Broad 
Street, London, E.C. 

Tug Institution of Wireless Engineers are applying 
to the Board of Trade for a licence to be registered 
with limited liability. 

MiLLwaLt ENGINEERS’ Supp.ies, Limirep, are being 
wound up voluntarily, with Mr. E. H. Clogg, 74, 
Coleman Street, E.C., as liquidator. 

A store at Evelyn Street, Deptford, S.E., owned 
by A. and R. Mason, Limited, ironfounders, was 
severely damaged by fire on Tuesday. 

Tue WESTINGHOUSE ELEectRIc Company, LIMITED, is 
being wound up voluntarily. Mr. A. E. Scanes, the 
chairman, has been appointed liquidator. 

Vickers, Limirep, have appointed Messrs. D. Pyne 
and G. Deane, Commercial Union Buildings, Pilgrim 
Street, Newcastle, as their Newcastle agents. 

Tus Macuine Toot anp Power MACHINERY ORDER, 
1916, the Wood-Working Machinery Order, 1917, and 
the Treadle Lathes Order, 1918, have been suspended. 

Messrs. S. SHEppaRD, A. E. SHEPPARD and 
Damprer, brass and iron founders, trading under the 
style of Sheppard, Pettigrew & Company, have dissolved 
partnership. 

Tue GENERAL ENGINEERING ComPANY (HORNSEY), 
Luatep, is being wound up voluntarily, with Mr. T. 
Greenhill, 52, Queen Victoria Street, London, E.C., 
as liquidator. 

AccorpinG to the ‘‘ Echo de Mines”’ of May 25 
(Sunday), the official decree issued during the previous 
week stil! upholds the embargo op exports of iron 
ore and bauxite from France. 

Mr. C. T. Apptesy, 26, Corporation Street, Bir- 
mingham, has’ been appointed liquidator of Mitchell’s 
Stampings, Limited, of Parr’s Bank Chambers, 38, 
Waterloo Street, Birmingham. 

Tne blast furnaces and steel works of the Ebbw 
Vale Steel, Iron and Coal Company, Limited, have 
been closed in co uence of the shortage of coal, 
caused by the strike of Ebbw Vale miners. 

Aw application has been made to the Board of Trade 
for a licence directing the Women’s Engineering Society 
to be registered with limited liability without the addi- 
tion of the word ‘‘ Limited ’’ to its name. 

Tue business of gas and oil engine makers of Mesers. 
W. J. Bates & Company, of Crown Point, Denton, has 
been taken over by another concern, and extensions 
on a considerable scale are contemplated. 

Messrs. J. T. Rocerson & Son, of Chicago, the 
well-known American stock-holding merchant iron 
and stee! firm, are establishing a London office under 
the charge of Mr. A. L. G. Gentles. 

A RECEIVING order has been made in connection with 
the affairs of Mr. J. F. Smith, carrying on business 
at 28}, Wrentham Street, Birmingham, and at Heath 
Street, Tamworth, in partnership as the Concast Metal 
Company. 

Messrs. A. C. Doo, D. A. V. Rist, and R. D. 
DockrEeE, engineers, 5a, Victoria Mews, New South- 
gate, London, N., trading under the style of the 
Crescent Manufacturing Company, have dissolved 
partnership. eee 

We understand that one of the principal Glasgow 
shipbuilding firms have acquired the engineering 
foundry of Messrs. Caird & Company, who recently 
became identified with the engineering firm of Messrs 
J. G. Kineaid & Company. 


Mr. J. F. Smrrn, carrying on business at 284, Wren- 
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tham Street, Birmingham, and at Heath Street, Tam-~ 
worth, in partnership, in the name of the Concast 
Metal Company, has been adjudged bankrupt. Mr. 
J. W. Blackham, 180, Corporation Street, Birmingham, 
has been appointed trustee. 

HE Carbirr Crry Execrriciry DeparTMENT and the 
South Wales Electrical Power Distribution Company 
are arranging an_ exhibit of labour-saving devices at 
the forthcoming Royal Agricultural Show to be held 
in Cardiff from June 24 to 28. 

For the week ending May 17, a basic furnace- at the 
Lanarkshire Steel ompany’s works, Motherwell, 
operating on cold stock, produced eighteen charges, 
totalling 825 tons 2. cwts. The bath area of this fur- 
nace is 317 square feet. The same furnace yielded 732 
charges in a single campaign. 

Mr. R. MiLutetr, who was recently engaged for some 
years with Siemens Brothers’ Dynamo Works, Limited, 
of Manchester, has been appointed by the Electric 
Construction Company, Limited, of Wolverhampton, 
as their sole Lancashire agent. Mr. Millett has opened 
offices at 30, Cross Street, Manchester. 

A SERIES of lectures on ‘‘ Industrial Administra- 
tion,’”’ by Mr. E. T. Elbourne, will be given during 
June and July at Winchester House, Old Broad Street, 
E.C. The lectures will be divided into three courses, 
the first on ‘‘ Factory Organisation,” the second on 
‘“* Labour Administration,’’ and the third on ‘‘ Factory 
Costing.”’ 

Tue desirability of holding an exhibition in London 
next year of the manufactures and products of the 
Empire was discussed at a luncheon at the British 
Empire Club on ‘fuesday. The Dominions represen- 
tatives having approved oi the scheme, it was decided 
to approach the Government in order to get their 
approval 

Tue Bessemer steel plant at the works of the Barrow 
Hematite Steel Company, Limited, which has been 
standing idle for the past four years, was put into 
operation again on Tuesday. Mr. J. Danks has been 
appointed manager of this department, succeeding Mr. 
T Blewitt, who has retired after 50 years’ service with 
the company. 

Ir is stated that the scheme prepared by Palmers 
Shipbuilding & Iron Company, Limited, and placed 
before their employés to enable them to invest their 
savings in the new debenture stock of the company, 
and to which reference has already been made, hae 
been favourably received. A large amount has been 
subscribed by the employés. 

Tue shareholders of Brett’s Stamping Company, 
Limited, met on Tuesday in order to adopt a echeme 
for the capitalisation of undistributed profits. The 
total amount in hand is £35,000, and the board’s pro- 
posal was to distribute £20,000 of it by way of bonus 
at the rate of one share for every one share now 
held. The necessary resolutions were carried. 

THE marine machinery manufactured by Richard- 
sons, Westgarth & Company, Limited, during the past 
year aggregated 235,000 horse-power, the number of 
ships engined being 51. These results exceed all pre- 
vious records. The shops at Middlesbrough for the 
manufacture of shells have been closed down, but 
otherwise all the works of the company are fullv 
employed. 

Messrs. J. D. D. Davis and W. L. Davis, partners 
in William Davis & Sons, iron, steel and metal mer- 
chants, Royal Metal Exchange, Swansea, have now 
been demobilised and thave resumed business opera- 
tions. Mr. E. H. Brooke, who has been carrying on 
the business during their absence, has relinquished the 
management pre He moved into other offices in the 
same building. 

THE Brazilian delegation, who are visiting this 
country on the invitation of the Federation of British 
Industries, will arrive in England about June 20. They 

will be staying in London for a few days before pro- 
ceeding on’ their tour’of the provinces. Members in 
the London district anxious to see or to show the 
E 
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visitors over their works should communicate with the 
general secretary. 

THe FEDERATION oF ENGINEERING AND SHIPBUILDING 
Traves, after discussion of the Government’s offer to 
sell the Chepstow and Beachley shipyards to the trade 
unions, finally declined to proceed with the negotia- 
tions to purchase. The opinion was expressed that the 
Government should continue possession of the national 
shipyards and develop public ownership and control of 
other national resources. 

According to a statement prepared by the 
Statistics Branch of the U.S. War Department, the 
weight of steel pesgootiine fired by the Allies in 1918 
was about 2,200, tons. This amounted to between 
4 and 5 per cent. only of the total tonnage of steel 
ingots and castings produced in the United States 
either in 1916 or 1917. In the former year the out- 
put was (42,800,000 tons, and in the latter year 
45,000,000 tons. 

Tue Socrepap EspanoLta DE Construcciones Bas. 
cock & Witcox are making good progress with the con- 
struction of the new works which they are establishing 
in the Bilbao district. At the recent annual meeting it 
was stated that a further area of land had been pur- 
chased. The company hag secured the licence for the 
sale and manufacture in Spain and Portugal of the 
productions of the British Mannesmann Tube Company, 
Limited, G. & J. Weir, Limited, and Lassen, Hjort & 
Menzies. Limited. 

Mr. H. C. J. Carrineton presided on Saturday last 
at the annual meeting of the Birmingham Association 
of Mechanical Engineers. Alluding to the forthcoming 
James Watt Centenary, the president commended the 
provisional scheme that had been adopted. Mr. E:-E. 
Bissell was elected president for the ensuing session. 
Messrs. W. A. Jeboult and J. G. Walker were elected 
vice-presidents, Mr. Walter Deakin hon. treasurer, 
and Mr. F. W. Suffield hon secretary. A diploma for 
the best paper read during the session 1917-18 was 
presented to Mr. W. A. Jeboult. 

In connection with the Lyons Fair a committee has 
been appointed by British manufacturers and given full 
power to act on behalf of the exhibitors. The following 
gentlemen have been nominated, amongst others, on the 
general committee :—Major V. D. Amor Wilkins (Feder- 
ation of British Industries), chairman, Mr. Neuts 
4Mesers. F. Marion & Company), Mr. Thynne (Canadian 
Export Association), Mr. B. Thomas (Messrs. Bertram 
Thomas, Manchester), Mr. J. Parker (British Rolling 
Mills, Birmingham), and Captain the Hon. C. Ashley 
(Association of Great Britain and France). ; 

Tue model village of Dormanstown, which is being 
built for the accommodation of the men ongeenes at 
the Redcar Works of Dorman, Long & Company, 
Limited, from which works it lies -about a mile to the 
south, is fast assuming considerable proportions. Al- 
ready there are upwards of 270 houses finished and 
actually occupied, whilst 500 more are in course of 
building. An interesting innovation. will be the erec- 
tion of 12 houses with steel framing filled in with 
concrete. These are in the nature of an experiment 
which has been sanctioned by the Local Government 
Board. 

Tue President of the Board of Trade, after duly con- 
sidering the recommendations of the Consultative 
Council on Imports, has given the following further 
directions in regard to the prohibitions of import :— 
Restrictions to be removed: Metal parts and accessories 
of pedal cycles, except those mentioned below; 
aluminium powder. Articles to be licensed only ex- 
ceptionally, as and when required :—Gas stoves, metal 
parts of lamps, steel studs for motor-car tyres; metal 
parts and accessories of pedal cycles, frame lugs, hubs 
(including coaster hubs and hub shells), variable speed 
gears, free wheel clutches, cranks, pedals, rims, frames, 
forks, handlebars, chain wheels, bells, lamps other than 
electric lamps. 

**Unity,”” the organ of the National Alliance of 
Employers and Employed, offers prizes amounting to 
£200 (presented by Sir Robt. Hadfield, Bart.) for the 
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best essay on either of. the following subjects :—‘ A 
practical scheme for the joint development of indus- 
try by Capital and Labour;” ‘‘ The most effective 
means. for the prevention of unemployment;”’ ‘‘ The 
most effective means for the prevention of industrial 
disputes.”” The committee of award will consist of 
the Right Hon. Fredk. Huth Jackson, P.C. (chair- 
man of the National Alliance of Employers and Em- 
ployed), the Master of Balliol College, Oxford, and 
Right Hon. Arthur Henderson, P.C. 

Tue Wetman SmirHowen Encineerinc Corpora- 
tion, Lrmirep, has now been registered, with a nominal 
capital of £160,000 in £1 shares. As already an- 
nounced, the company will take over and amalgamate 
all or vart of the businesses of Wellman, Seaver & 
Head, Limited, the James Smith Hoisting Machinery 
Company, Limited, and Rubery Owen & Company, and 
will carry on the business of manufacturers of and 
dealers in engineering machinery, machine tools and 
instruments, etc. The first directors are Mr. A. E. 
Owen (permanent), Mr. F. I. Sanderson (commercial 
manager), Mr. J. Smith (managing director), and Mr. 
F. G. Smith (chief engineer). The registered office is 
at King’s House, Kingsway, W.C. 

Tue 66th anniversary festival of the London Asso- 
ciation of Foremen Engineers on Saturday attracted 
a record attendance, Mr, Douglas Vickers, M.P., pre- 
siding. Mr. T. J. Macnamara, M.P., paid a fine 
tribute to the work that engineers had done during the 
war. Speaking specially in regard to the Admiralty, 
their unprecedented output was attained at a time when 
extremely nee? callg were being made upon them for 
the repair of H.M.’s ships and of merchant ships, and 
in other departments of their work. He thanked them 
for the splendid way in which they had overcome all 
the problems which arose in connection with the war. 
The great effect of their work had been shown in every- 
thing affecting the prosecution of the war. 

Tue following headings have been deleted from the 
list of prohibited exports :—(a) Iron angles, channels, 
joists, tees and other sectional material ; (a) iron bars, 
including flats, rounds and other sections and shapes ; 
(a) iron bridgework, pierwork, and constructional 
material; (A) iron ingots; (A) iron plates and sheets; 
(A). rails; (A) sectional materials for shipbuilding; (a) 
steel containing tungsten or molybdenum ; (a) steel con- 
taining chrome, cobalt, nickel, or vanadium; (a) steel 
angles, channels, joists, tees and other steel sec 
tional material; (A) steel bars, including flats, 
rounds, and other sections and shapes ; (A) steel bridge- 
work, pierwork and structural material; (A) steel 
plates and sheets (except black steel sheets less than 
one-eighth of an inch thick). 

Tue directors of the Darlington Forge Company, 
Limited, propose to register a new company under the 
title of the Darlington Forge, Limited, with a capital 
of £1,500,000 in 750,000 7 per cent. cumulative prefer- 
ence shares and 750,000 ordinary shares of £1 each. 
Shareholders will be entitled to receive for each 
existing cumulative preference share of £1 each 
five 7 per cent. cumulative preference shares of £1 
each, fully paid, in the new company, and for each 
exiating ordinary share of £1 five ordinary shares of 
£1 each, fully paid, in the new company. This will 
leave 240,000 preference shares and 240,000 ordinary 
shares, which it is intended to leave unissued at 
present. It is also proposed to issue £400,000 deben- 
tures at 974 per cent. 


Mr. H. Lem presided on Tuesday at the annual 
meeting of the Manchester Steam Users’ Association, 
at which it was shown that during the year there had 
been an: increase of boilers enrolled by , and at the 
end of the year the number was the highest on record. 
The revenue was also the highest yet attained ; the net 
surplus was £732. The report was adopted on the 
motion of the chairman, who said that the year had 
been one of difficulty for all commercial concerns, and 
the Associatior. had been no exception. It was founded 
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not only to prevent explosions by careful inspection, 
but to promote economy in application as well as in 
steam-raising. With regard to trade ag oes he 
thought they might look forward hopefully, believing 
that as trade restrictions were removed and business 
freed from conditions made necessary by war, we 
should as a nation make progress, and still hold the 
foremost place we had held im the past. 

THE output of steel from the works of the Parkgate 
Iron & Steel Company, Limited, last year, is practically 
equal to that of the previous year. The new blast 
furnace (No. 3) was started in July last, and is work 
ing satisfactorily. No. 1 blast furnace was blown out 
in July for relining, and will shortly be at work again. 
Good progress has been made with the new 400-ton 
metal mixer, and this will be ready for work in a few 
months. Work has been commenced on a new 24-1. 
section mill, which will be on the most modern lines 
and will replace the present out-of-date 20-in. mill. 
The directors propose, with the view of adjusting the 
capital account, to ask the shareholders’ consent to the 
formation of a new company, bearing the same name, 
which will be forthwith registered, and having a capital 
of £1,500,000,. which will be distributed among the 
shareholders in the Parkgate company in the proportion 
of three new shares for one existing share. 

Tue fourteenth annual meeting of the Birmingham 
Metallurgical Society was held on May 15, the chair 
being taken by the retiring president, Mr. Isaac E. 
Lester. The annual report stated that the past session 
had been a very successful one. The membership was 
now as follows :—Ordinary members, May 1919, 484; 
May, 1918, 328; student members, May, 1919, 65; 
May, 1918, 28; total, 549; previous year, 356, am in 
crease during the year of 193. The following were 
elected as the officers of the Society for the ensuing 
year :—President, Mr. F. C. A. H. Lantsberry; Vice- 
Presidents: Messrs. A. Spittle, F. Johnson, H. B. 
Jacks, and A. J. G. Smout; Treasurer, Mr. J. Rogers, 
O.B.E. (re-elected) ; and Secretary, Mr. T. Vickers (re- 
elected): The recommendation of the Council that the 
Society be incorporated under the Companies Act was 
adopted, and the Council was authorised to take steps 
immediately to carry this into effect. 

Tue British Inpustries Farr (BrrmincHamM) will 
be held on February 23 to March 5, 1920. The Fair 
will be held simultaneously with and will comprise 
groups of exhibits which do not clash with those of 
London or Glasgow. The classification of the trades 
which have been allotted will include the following, 
viz. :—Group I.—Class A.—Section 1.—Gas and electric 
fittings, ete. Section 2.—Cooking and heating appli- 
ances, etc. Class B.—Section 1.—Metal furniture, 
hollow-ware, copper goods and bronzes, etc. Section 
2.—General hardware, tubes, pipes and fittings, etc. 
Group I1.—Section 1.—Tools. Section 2.—Nautical 
scientific instruments and apparatve. Section 3.— 
Machinery belting of leather, etc. Section 4.—Scales, 
balances, and other weighing instruments, etc. Section 
5.—Small machine tools. Section 6.—Ropes and cables. 
Group III.—Section 1.—Motor cycles, cycles, acces- 
sories, etc. Section 2.—Aeronautical motor appliances. 

Tre Intrertm Inpustriat Reconstruction Com 
MITTEE for the zinc and spelter industry hag been 
formed into a Joint Industrial Council, with the follow- 
ing officers :—Chairman, Mr. C . Eden; vice-chair 
man, Mr. J. Wignall, M.P.; secretary, Mr. C. Taylor, 
of the London Chamber of Commerce. At the first 
meeting in London, last week, the question of industrial 
diseases to which workers in this industry are liable 
was considered. Dr. T. M. Legge, of the Home Office, 
dealt particularly with the prevention of lead poisoning 
and Bright’s disease. He stated that there had been 
a substantial reduction in the number of cases reported 
during recent years owing to the great structural im- 
provements that had been made in the various works. 
but he admitted that the decline was much less than 
might reasonably have been hoped for, and he invited 
both sides in the industry to co-operate in reducing 


the causes of disease. He laid special stress on the 
vital importance of ventilation. 

Dvrine their visit to Sheffield on Tuesday the King 
and Queen paid a visit to the Grimesthorpe Works of 
Cammell, Laird & Company, Limited, where the whole 
of the workpeople were given a holiday for the day. 
Their Majesties were received by the chairman of the 
firm, Mr. W. L. Hichezs, who presented the follow- 
ing gentlemen connected with the establishment :—Mr. 
J. M. Allen, managing director; Mr. A. Good; Mr. 
lL. Munns, secretary and director; Mr. W. Carnegie, 
manager of the Grimesthorpe Works; Mr. H. C. 
Loving, chief engineer; Mr. H. West, chief electrical 
engineer. The tour of the works then followed, and 
their Majesties displayed the keenest interest in all 
that was shown them. The managers of the various 
departments were presented to their Majesties, and 
answered a number of questions put to them by the 
Royal visitors. The tollowing were presented :—Mr. 
F. Barson, Spring Dept. ; Mr. G. A. Goodsall, Machine 
Shops; Mr. J. Russei!, Forge Dept.; Mr. F. Naylor, 
Tyre Dept.; Mr J. Watson, Foundry; Mr. A. 
Weniger, Meiting Dept. 

THe Boarp or TrapE have extended their general 
licence authorising, on certain conditions, the. supply 
of goods to the territories on the left bank of the 
Rhine in the occupation of the armies of the Associated 
Governments, so as to cover, on the same conditions, 
the supply of goods to the occupied districts on the 
right bank. As regards both banks of the Rhine, 
applications should be made to the Export Licence 
Department, 4, Central Buildings, Westminster, 8.W.1, 
in respect of goods remaining on Sections ‘“‘A’”’ or 
‘“B”’ of the Prohibited List, which it is desired to 
despatch to the occupied areas (including Luxembourg). 
Goode on Section ‘“‘C” of the Prohibited List do not 
now require a licence for export to the above-men- 
tioned territory, provided in the case of shipment via 
Holland, they are first consigned to the Standard 
Bank of South Africa, Rotterdam. Goods on the 
‘* free’’ list may continue to be exported free of all 
restrictions. No import permit from the authorities in 
the occupied areas is now necessary. 

PatmMeRs Surppur~pinc & Iron Company, LruitTep, 
with the object of meeting the need for lodging and 
dining accommodation, have erected a large hostel and 
canteen mid-way between their Hebburn and Jarrow 
establishments. The hostel is composed of three large 
three-storey buildings, placed at the north, south and 
west boundaries of the site. The canteen, consisting 
of a large dining hall, Kiteben, stores, offices, and staff 
quarters, occupies the middle and east portion of the 
site. There is also a laundry. The dining hall is 
connected to each hostel by a wide and well-lighted 
corrider.. Ample air space has been arranged between 
the various blocks of buildings. These spaces form 
large courts, which are asphalted and can be used for 
games, etc. Besides these courts there is at the south 
end of the site a recreation ground for football and 
other games. In the hostel, accommodation is pro- 
vided for 400 men, each man being given a separate 
bedroom. On each floor at the ends of each building 
two large sitting or recreation rooms are provided. 
Accommodation for washing is provided on each floor 
of each block in a separate building. 

Tue President of the Board of Trade, after duly 
considering the recommendations of the Consultative 
Council on Imports, has given the following further 
directions in regard to the prohibitions of import. The 
restrictions on the importation of the following goods 
are to be removed :—Certain agricultural implements ; 
malleable tube fittings; pressure regulators, lubricators, 
grease cups, etc. : iron or brass expansion joints, pressed 
steel union couplings, water gauge fittings, steam traps, 
metallic steam packing; brass wire, copper wire, 
copper clad wire, phosphor wire, coppered steel spring 
wire, etc.; drop forged steel wire rope sockets; copper 
rods and steel and iron wire rods; antimony. crude, 
regulus and sulphide; gas irons; oil cans. The im- 
portation of the following articles is to be licensed’ 
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only exceptionally, as and when required :—Chains ; 
taper pins; brass’ rods, tape and strip, brass-coated 
tubes, brass or copper tubes and brass hose clamps; 
nickel wire, wire paper clips, wire nails and extras, 
barb wire, wire protector studs; horse shoe nails, wire 
shoe nails, wire hob nails, felt nails (iron or steel), 
cut nails (iron or steel); iron and eteel valves, cocks 
for gas, water and steam and iron foot valves; steel 
and iron wire, wire bale. ties and galvanised wire; 
miners’ lamp glasses and miners’ electric lamps. The 
importation of gun metal, brass or bronze valves for 
gas, water and steam, is to be restricted to a per- 
centage of 1916 imports. 

A CORRESPONDENT of the ‘“Times’’ suggests the forma- 
tion of an association of colliery managers to ventilate 
grievances and to secure higher rates of pay. He points 
out that the status and remuneration of all grades have 
been fully ventilated, with the sole exception of the 
sub-agents or managers. It is considered that the time 
has arrived when such managers should combine to- 
gether in order that their conditions and salaries mav 
be brought more on a par with those paid in other 
business industries, and that while it cannot be denied 
that a large number of owners have already been 
paying salaries in excess of the scales advocated, 
others have been much more parsimonious. It has 
been found that the Coal Controller has adopted a 
policy of keeping down the salaries of managers to 
as low a figure as possible, and in many cases has 
prevented owners from increasing salaries to the ex- 
tent they desired. A strong combination of managers 
would soon remove such stumbling-blocks initiated by 
a Department which one day refuses an advance of 
£200 a year to a manager and next day gives away 
millions in advances to the workmen. Another im- 
portant point is the constitution of the Coal Commis- 
sion itself. On this owners, workmen, and consumers 
are fully represented, but the brains of the industry. 
as represented by general managers, agents, sub-agents, 
managers, and other officials, are altogether left out 
in the cold, and have no voice as to their own future, 
and that of the industry as a whole, except as witnesses. 
despite the great issues which are at stake and the 
fact that the bogies of nationalisation and executive 
dual control are still menacing them. 

Tue members of the Boys’ Welfare Association met 
at the Central Hall, Westminster, on May 22, to dis- 
cuss the enlargemert of the scope of the association. 
Sir Wm. Beardmore, in moving the resolution, ‘‘ That 
the objects of the association be extended to benefit, 
if so desired, all persons employed in industry,” re- 
ferred to the unsettlement in the labour world as a 
now outstandizg problem of industry, the solution of 
which obviously lay in the revival of the old friendly 
relations between masters and men. ‘The association 
had been warmly taken up by many of the leading 
firms of the country, and in spite of the disadvan- 
tages and uncertainty of the present day had made 
wonderful progress. There was at present, however, 
a danger of employers becoming confused between the 
various claims of the many agencies which had now 
taken up welfare work. Many employers, also, had 
come to the conclusion that it would be better for a!! 
workers to be dealt with together, and not separately. 
Further, there was little doubt the non-acceptance of 
the responsibility for the work by the employers them- 
selves would !ead to its being taken up by the State, 
with the inevitable chilling out of the human element. 
The council, therefore, after careful deliberation, had 
recommenied the policy embodied in the resolution. 
Sir George Carter, K.B.E., of Cammell, Laird & Com- 
pany, Limited, having seconded the resolution, it was 
put to the meeting, and carried, as also was a further 
resolution proposed by Mr. Hamilton (Fairfield Ship- 
building Engineering Company, Limited) and 
seconded by Mr. S. Mavor (Mavor & Coulson, 
Limited) :—‘** That the constitution as now amended 
by the council be adopted.”” Under the amended con- 
stitution, the association will in future be known as 
“‘ The Industrial Welfare Society.”’ 
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Tue Refractory Materials Committee of the Institu- 
tion of Gas Engineers, in their report for the year, 
state that further reports are now ready on the. crush- 
ing strength of bricks and also of their contraction, in 
which the effect of altering the proportion of grog and 
of its grain size on these properties ig illustrated. 
Work on the thermal conductivity of bricks of different 
porosity has been resumed, and is now nearly com- 
pleted. The action of reducing gases on fire-bricks 
has been the subject of much work which is not yet 
ready for report. Determination of the specific heat 
of silica materials at high temperature are also in 
progress. The experiments made to determine the 
deterioration of fire-bricks in prolonged use have so 
far yielded different results from what were antici- 
pated. After twenty times heating for periods of 
eight days, during three of which the temperatures 
were in tae neighbourhood of 1,280 deg. C., the bricks 
were practically as gocd as at the beginning. In 
some cases the bricks improved with the prolonged 
treatment, showing that sume fire-bricks as turned out 
by manufacturers can be improved with a more severe 
burning. Arrangements are now being made to repeat 
these experimeats under more drastic conditions. Pre- 
liminary experiments have been made in the purifica- 
tion of fire-clay -by the ‘‘ osmose’’ process. A very 
important work is the study of the best binding 
material for siliceous bricks and retorts.; The experi- 
ments on the action of flue-dust show that the bond is 
first attacked. In the report presented to the Institu- 
tion for 1917, reference was made to a movement for 
the formation of a Central Research Association repre- 
senting ail industries interested in the manufacture 
and use of refractory materials. The Committee 
formed for this purpose from the delegates. of the 
Institutions and Societies concerned has not been able 
to agree on a basis of organisation satisfactory to all 
the industries concerned. 

As indicated in our last issue a large public meeting 
representative of engineering in all its branches, and 
also the scientific institutions of the United Kingdom, 
was held in the Council Chamber, Birmingham, on 
Thursday, May 8, for the purpose of considering the 
mats yy sare scheme for the celebration of the James 

att Centenary. The meeting was presided over by 
the Lord Mayor (Sir David Brooks), who was sup- 
ported by Sir Oliver Lodge, Principal of the Univer- 
sity of Birmingham, and Mr. Wm. Mills, Chairman of 
the Provisional Committee. The Lord Mayor, in 
opening the meeting, said it was a matter for surprise 
that, although so many books and articles had been 
written about Watt, and so many statues erected, no 
permanent memorial had been erected to one whose 
discoveries and inventions had probably exercised 
greater influence on the material progress of the world 
than the achievements of any chen single individual. 
The Soho Foundry was known all over the world, and 
probably no other three men of such extraordinary 
capacities as Watt, Boulton and Murdock had ever 
been associated together. Their names would be 
inseparably linked for all time. The scheme must be 
of an international character. There could be no more 
fitting place for the erection of a lasting memorial 
than Birmingham, in which Watt spent the greater 
part of his life, and where—at andsworth—his 
remains now rested by the side of those of his two 
former collaborators. The provisional scheme sug- 
gested the endowment of a Chair of Engineering at 
the Birmingham University, and also the erection of a 
Memorial Hall which should serve as a museum for 
bringing together examples of the work of Watt and 
his contemporaries and as a Sage place for the 
various technical societies. The scheme, which was 
outlined in our last issue, was approved and a com- 
mittee was appointed with Mr. R. B. Asquith Ellis 
as hon. ‘secretary. Mr. Dickinson, who represented 
the South Kensington Science Museum, said they had 
decided to hald_a Watt commemorative exhibition in 
London. The international character of James Watt 
could not be too much insisted upon. 


‘ 
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WILLIAM JACKS & COMPANY, 


LONDON ano BIRMINGHAM. 


Telegrams: ALKALIZE, LONDON. Telegrams: ALKALIZE, BIRMINGHAM. 

Telephone: 7860 AVENUE (3 lines.) Telephone: CENTRAL 1175 & 1176. 
Head Office: Birmingham Office : 

5, EAST INDIA AVENUE, LONDON, E.G. 18, BENNETTS HILL. 


LIVERPOOL : 11, Oldhall Street. Telegrams : LATEM, LIVERPOOL. Telephone: Central ¢794- 


PIG IRON. 


Scotch, Micdlesbrco’, Hematite, Basic, Specials, &c., &c. 


STEEL. 


Billets, Wire Rods, Tube Strip, &c. 


COPP 


Tough, Best Selected and Refined Ingots, Electrolytic Ingot Bars, 
Wire Bars, and Cathodes. 


TIN. 


All Brands Ingot and Bar Tin. 


SPELTER. 


G.O.B.’s and Special Purities. 
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Telegrams: FERRUM, MIDDLESBRO’. Telegrams: COLVIN, GLASGOW. 
Telephone: MIDDLESBRO’ 689. Telephone: CENTRAL 7460. 
ROYAL EXCHANGE, MIDDLESBRO’. 93, HOPE STREET, GLASGOW. 


WILLIAM COLVIN & COMPANY, 


MIDDLESBOROUGH ano GLASGOW. 
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Personal. 


Tue gross value of the estate of the late Mr. D. 
McCall, iron and metal merchant, of Blackheath, is 
£20,696. 

Mr. T. Jones, who was in charge of the export de- 
partment of Baxendale & Company, Limited, Man- 
chester, has retired after forty-eight years’ service with 
the company. 

Tue Governors of the Imperial Mineral Resources 
Bureau have appointed Major W. M. Henderson-Scott 
to be secretary of the bureau in place of Mr. A. D. 
MeNair, resi 

Tue late 


ot 
r. H. Berry, chairman and managing 


director of Henry Berry Company, Limited, left 
property of the gross value of £202,087, of which 
£187,320 is net personalty. 

Mr. E. Jones has been awarded the Derby Gold 
Medal for his paper on “ High Efficiency Air Pumps 
for High Vacua,”’ read before the Liverpool Engineer- 
ing Society during the year 1917-18. 

Mr. S. Heywoop, manager of the Waterside En- 
gineering Works, Lincoln, of Messrs. Duckering & 
Company, has been appointed works manager to Messrs. 
Penney % Porter, Saxilby, Lincoln. 

THe POoOsTMASTER-GENERAL has appointed Mr. W. 
Noble, assistant engineer-in-chief, to be engineer-in- 
chief to the Post Office, in succession to Sir William 
Slingo, who is retiring at the end of the present month. 

Mr. T. Tuomas, who has retired from the position 
of manager of Messrs. John Shearman & Company’s 
ship-repairing business at Newport, has been tho 
recipient of a presentation at a complimentary dinner. 

Mr. D. B. Mortson has been elected chairman of 
Richardsons, Westgarth & Company, Limited, in place 
of the late Mr. W. J. Richardson. Mr. R. S. 
Middleton, of Sunderland, has been elected a director 
of the company. 

Mr. H. H. Watson, manager to Messrs. Matthias 
Spencer & Sons, Albion Steel Works, Arley Street, 
Sheffield, has been the recipient of a presentation 
from the officials and men, on his leaving to take up 
another appointment. 

Mr. T. E. Carr, the Wear delegate of the Boiler 
makers’ Society, has been appointed chairman of the 
Wear Federation of Engineering and Shipbuilding 
Trades, and Mr. J. Grief, of the Patternmakers’ Society, 
has been appointed secretary. 

Mr. G.AInswortH, J.P., who recently retired from 
the position of general manager of the Consett Iron 
Company, Limited, has been the recipient of a pre- 
sentation from the members of the Foremen’s Associa- 
tion connected with the firm. 

Mr. L. CHANDLER has resigned his position as 
managing director of the British Westinghouse Elec- 
tric and Manufacturing Company, Limited, but re- 
tains his seat on the board. Capt. R. S. Hilton has 
been elected managing director of the company. 

Mr. V. S. Woops, chairman of A. Ransome & 
Company, Limited, Stanley Works, Newark-on-Trent, 
has retired, and has been succeeded by Mr. L. Ran- 
some. Mr. E. Edis, the secretary, and Mr. F. W. 
Baker, the London manager, have been elected 
directors of the company. 
~Txe following have been elected to the London 
Metal Exchange Committee of Subscribers :—Sir C. L. 
Budd and Messrs. G. S. Smith, W. A. Tennant, W. 
Webb, G. Cawson, J. G. Weir, J. G. Buchanan, F. G. 
Martin, R. W. Rucker, F. D. Benjamin, F. C. Hill, 
S. O. Lazarus, A. 8. Young, N. T. C. Sargant and 
W. E. Earle. 

Mr. A. B. Sweet-Escotr has been appointed general 
manager at Ebbw Vale. This appointment does not in 
any way interfere with the position of Mr. F. Mills 
as managing director, but has been made owing to the 
growth of the company’s business. Mr. Sweet-Escott 
has been manager of Messrs. C. H. Bailey & Com- 
pany’s marine engineering works at Newport for a 
number. of years past. 


New Companies. 


Machinery and Steels, Limited.—Capital £20,000 in 
£1 shares. 

A.C. Cutting & Welding Company, Limited.—Capital 
£20,000 in £1 shares. 

Hampton Engineering Company, Limited. — Capital 
£2,000 in 1s. shares. 

Micro Gauge, Limited.—Capital £1,000 in £1 shares. 
First director : E. Sidwell. 

Wests (Lincoln), Limited.—Capital £10,000 in £1 
shares, to carry on the business of engineers. 

Metal Castings, Limited.—Capital £50,000 in £1 
shares. Registered office : 30, Regent Street, W.1. 

Victor Plating Company, Limited.—Capital £500 in 
£1 shares, to adopt an agreement with F. Walker. 

, Porter, Turk & Son, Limited.—Capita] £12,000 in 
£1 shares, to carry on the business of ironfounders. 

Self Engineering Company, Limited.—Capital £10,000 
in £1 shares (5, 7 per cent. cumulative preference). 

Oscar Crane & Company, Limited.—Capital £5,000 
in £1 shares, to carry on the business of brassfounders. 

Norrington & Landon, Limited.—Capital £5,000 in £1 
shares, to carry on the business of electrical engineers. 

J. W. Bradley Small Tools Company (Leicester), 
Limited.—Capital £15,000 in £1 shares (10,000 prefev- 
ence). 

L.M. Motors Company, Limite@.—Capital £5,000 in 
£1 shares. Registered office:—10a, Victoria Street, 
Grimsby. ; 

Granville Hawkins & Company, Limited.—Capita] 
£20,000 in £10 shares, to carry on the business of 
engineers. 

Robert Kellie & Son, Limited.—Capital £50,000 in 
£100 shares, to carry on business as engineers, brass- 
founders, etc. 

Sanders Bros. & Company, Limited. — Capital 
£5,000 in £1 shares, to carry on the business of metal 
merchants. 

John Coltman & Company, Limited.—Capital £5,000 
in £1 shares (4,000 preference), to carry on the busi- 
ness of engineers. 

John Manson Ramsay & Company, Limited.—Capital 
£20,000 in £5 shares, to carry on the business of iron 
and stee] merchante. 

Mechanical Products, Limited.—Capital £10,000 in 
£1 shares. Registered office: 37, Parkwood Read, 
Boscombe, Bournemouth. 

S. Hinchcliffe, Limited.—Capital £5,000 in £1 shares 
to carry on the business of engineers. Registered 
office: 69, Mumps, Oldham. 

Cyclops Engineering Company, Limited. — Capital 
£44,000 in 4.000 cumulative preference shares of £10 
and 4,000 ordinary shares of £1. 

Air Plants, Limited.—Capital £2,000 in 1,800 6 per 
cent. cumulative preference shares of £1 each, and 
4,000 ordinary shares of 1s. each. 

Millfords, Limited.—Capital £5,000 in £1 shares, to 
carry on the business of engineers. Registered office :— 
24, Bulloch Street, Birmingham. 

John Birch & Company, Limited.—Capital £240,000 
(£1 shares—60,000 preference’, to take over the existing 
business of merchants and engineers. 

W. H. Bird & Sons, Limited.—Capital £7,000 in 
£10 shares, to carry on the business of engineers. 
Registered office: St. Phillip’s, Bristol. 

H. W. Jones, Limited.—Capital £10,000 in £1 shares, 
to carry on the business of engineers. Registered 
office: Parrin Lane, Monton, near Manchester. 

Midland Pattern Making Company, Limited.—Capital 
£250 in £1 shares (150 preference). Registered office : 
Spring Gardens, St. Martin’s Gate, Worcester. 

Narcads, Limited.—Capital £1,000 in 950 preferred 
ordinary shareg of £1 each and 1,000 deferred of Is. 
each, to carrv on the business of engineers, etc. 

F. L. Smidth & Company, Limited.—Capital £100,000 
in £1 shares, to carry on the business of engineers, 
ete. Registered office: 20, Essex Street, W.C. 
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The Governing Director has now been invalided out of the Army from wounds, and Foundrymen 
can rely upon a constant supply of “ Binderit ” products at advantageous prices. 





“BINDERIT” 


POWDER - BRIQUETTES . LIQUID 


British Made from British Products. British Owned. 


FOR USE IN THE FOUNDRY, 


The British Binderit Co. Specialise in those Requisites 
which are absolutely necessary for 
Successful Castings Production. 


“BINDERIT” is the sand binder of proved reliability and is the most 
economical and efficient sand binder extant. 


“BINDERIT ” supersedes all oil, oil compounds, gums or starches, and 
excels all other water soluble binders for cohesion and porosity. 


“ BINDERIT ” readily dissolves in cold water. 


“ BINDERIT ” can be used with every kind or variety of sand, and is used 
for sand mixes for steel, iron or non-ferrous castings. 


“BINDERIT” reduces fettling charges to the minimum and practically 
eliminates the uses of wires or irons. 


“BINDERIT” Silicia or black-washes are of unrivalled excellence and 
superior to all others. 


For Full Particulars and Prices apply to— 


<dex 
ay Telegrams : 


“ Bindercomp, Wands., London.” 








The British Binderit Co., Ltd. 


Binderit Works, Wharf Road, Telephone: 994 Putney. 
Wandsworth, S.W.1s. o) 
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Humphreys: & Wyer, Limited.—Capita] £20,000 in 
£1 shares, to carry on the business of ironfounders. 
First directors: W. Spowage and A. G. Spowage. 

W. Warburton & Co., Limited. — Capital £5,000 in 
£1 shares, to carry on the business of engineers. Regis- 
tered office: 43-5, Bedford Street North, Halifax. 

Turbines, Limited.—Capital £20,000, in 10,000 £1 
shares and 100,000 2s. shares, to carry on the business 
of engineers, etc. Registered office: 59, St. Mary Axe, 

E. Thornton & Company, Limited.—Capital £10,000 
in £1 shares, to carry on the business of steel manu- 
1. Registered office :—39, Lombard Street, 


Eric B. Marsh, Limited.—Capital £2,000 in £1 shares, 
to carry on the business of engineers, etc. First direc- 
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tors: E. W. S Bartlett, D. H. Marsh, and E.: B. 
Marsh 

Goodchild & Partners, Limited.—Capital £30,000 in 
£1 shares, to carry on the business of engineers. Re- 
gistered office: 56-8, Eagle Street, Southampton Row, 
W.C.1. 

Allan Smethurst (Glasgow), Limited.—Capital £1,000 
in £1 shares, to acquire the business of machine tool 
specialist. Registered office: 131, West Regent Street, 
Glasgow. 

Lion Engineering Company (Birmingham), Limited.— 
Capital £5,000 in £10 shares, to take over the business 
of the Lion Engineering Company, Monastery Build- 
ings, Upper Priory, Birmingham. Registered office :— 
16-17, Murdoch Chambers, Corporation Street, Birming- 
ham. 








The Five Essentials 
to Success 


. 


for a manufacturing establishment will, 
upon analysis, be found to be (1) Financial 
Stability, (2) Commercial Knowledge, (3) 
Accurate Accountancy, (4) Efficient 
Administration, (5) Technical Ability, 
Thorough mastery of the technical side is 
necessary, but is not always ‘¢he most 
important factor. 


Elbourne’s “Factory Administration and 
Accounts” deals with the financial, com- 
mercial, accounting and administrative sides 
of factory management. It lays down the 
princples by which an industrial concern 
should be guided, as shown by the author’s 
own experience with some of the most 
successtul establishments in this country. 


FREE 


The Library Press Limited, 


19, Portugal Street Buildings, 
Portugal St, LONDON, W.C. 2. 


Write for descriptive booklet, 
It will give you full contents, 
and information you cannot 


afford to miss, ———— It is 


Away with Wages Worries ! 
Doubts and difficulties used by the 
multitude of advances and bonuses 
disappear, as by magic, from your office- 
routine when you instal the 


UNIVERSAL WAGES CALCULATOR 


The principle upon which this useful 
labour-saving device is constructed van- 
quishes the bugbear of sudden changes in 
working hours and percentage additions 
to standard rates. It gives maximum 
accuracy and speed with the minimum of 
work and no worry. To cover 


Any Working Week—Any Rate of Pay 


** The Universal Wages Calculator’’ will 
never be outgrown; never become obsolete 
In wages and Costing Departments it will 
save its small price over and over again ina 
few weeks, Better, quicker, and infinitely 
cheaper than a Calculating Machine. 
Strongly constructed, will last a life-time. 

WAGES AND COSTING 


SIMPLIFIED. Jt is FREE 


The Library Press, Limited, 
19, Portugal Street Buildings, 
Portugal St., LONDON, W.C. 2. 


Write for the descriptive folder: 

















DIE-CASTING MACHINE AND WHITE METALLING PLANTS 


For all Soft Metals, Aluminium Alloys, &c. 


CONSISTING 


OF THE 


MONOMETER DIE CASTING MACHINE, 

WHITE METAL MELTING FURNACE, 

MOULD AND BEARING HEATING OVEN, 
and TINNING FURNACE. 


We are also Makers of Crucible and Non-Crucible Furnaces in capacities from 30 to 1,000 lbs., and from 
1,000 lbs, to 10,000 lbs., for all Ferrous and Non-Ferrous Metals, Steel, Malleable Iron, &c. 





Sole Makers :—THE MONOMETER MANUFACTURING CO., Ltd., ASTON, BIRMINGHAM. 
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FIRE BRICKS & GLAY 


CUPOLA BRICKS. 


Best Quality. 


VERZOCCHI & DE ROMANO 


MILAN (lItaly). 


Importers ot 


MINERALS. METALS, ALLOYS: 


also 
REFRACTORY MATERIALS and all re- 
quisites for the Engineering Trades. 















LESSEES OF DELPH AND TINTERN 
ABBEY BLACK AND WHITE CLAY. 











KING BROTHERS, 


(STOURBRIDGE) Ltd., 
STOURBRIDGE, 





London Office: 44 & 46, KINCSWAY, W.C.2. 


Telegrams: Verzocchi Westcent. Telephone 1445, 



























Dust Faa, Volumetric Fan. 


Fans for Ventilation, Cupola and Forge 
for Dust Removal, Fire Fans for large 
for Induced & Forced 


Draft on Boilers. 


or sma!l duties. 


Reliable and efficient. 


Davidson & Co., Limited., 


Sirocco Engineering Works. 


BELFAST. 



















(—— 














GANISTER, CUPOLA BLOCKS, FIRE BRICKS, 


FIRE CLAY. 
Silica Bricks, Tuyeres, Stoppers, Nozzles, &c. 
STEEL MOULDERS’ COMPOSITION, SILICA CEMENT. 


J. GRAYSON LOWOOD & Co., Ltd., 


DEEPCAR nr. SHEFFIELD. 
Telegrams : “LOWOOD, DEEPCAR.” 
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Deaths. 


——— 


Mr. T. Murcu, of Messrs. Murch Brothers, en- 
gineers, Littlehampton, Devon, died recently. 

Tue death is announced of Mr. J. Barker, manager 
to Henry Balfour & Company, Limited, Durie Foun- 
dry, Leven, at the age of 65 years. 

Tue death has taken place at Coatbridge of Mr. J. 
Crawford, formerly manager at the Moss Bay Works 
at Workington. The deceased was 68 years of age. 

Mr. J. H. Parkes, of A. & F. Parkes, Limited, 
manufacturers of edge tools, Birmingham, died recently 
as the result of an accident. He was 68 years of : 

Tue death is announced of Mr. T. W. Wellsted, who 
had for about a quarter of a century been associated 
with the firm of Messrs. Bewick Moreing & Company, 
mining engineers. 

Mr. Wirtxr1aM Boyp, first Mayor of Wallsend, and 
managing director of the Wallsend Slipway & Engineer 
ing Company, Limited, for 30 years, died on Monday 
at Cheltenham, aged 80. 

Tue death occurred recently of Mr. J. Reid, who 
was for many years works manager to W. H. Allen, 
Son & Company, Limited, Queen’s Engineering Works, 
Bedford. He was 73 years of age. 

THE death occurred recently of Mr. E. H. Pearce, 
of Messrs. Pearce & Sons, iron and steel merchants. 
Sheffield. The deceased gentleman, who was 75 yeare 
of age, had not taken any active part in the manage- 
ment of the business for several years. 

Mr. R. H. Fowter, chairman of John Fowler & 
Company (Leeds), Limited, Steam Plough and Loco- 
motive Works, Leeds, died recently aged 69 years. 
He had served for several years on the executive of 
the Engineering Employers’ Federation. 

News has been received of the death of Mr. G. T. 
Barlow, C.I.E., Chief Engineer, United Provinces, 
Irrigation Branch, who, at the time of his death, was 
employed under the Government of India on a special 
survey of the hydro-electric potentialities of India. 

Mr. Joun KeEwtett, engineer and ironfounder, 
formerly in business in Clayton Street, Wigan, died 
at his residence at Southport on Wednesday of last 
week. The deceased gentleman, who was in his 84th 
year, was a younger brother of the late Mr. William 
Kellett, J.P., the well-known mining engineer. 








T. E. MANSERGH. 


EVERY DESCRIPTION OF 
MOULDERS’ 
PATENT WOOD, MINERAL AND 
COAL DUST BLACKINGS 
MANUFACTURED. 


SALFORD. 








Caarceal Works, 
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Applications for Patents. 


The names of communicators are printed in Italic type. 
A new number will be given when the Complete Specification 
is accepted. 

Ballantine, W. B., and Sulman, H. L. Production of ferro 
alloys. 11,688 May 9. : 

Berry, W. D. Copper alloy. 10,358. April 25. 

10,614. April 29. 


States, August 135, 1918.) 

Bibb, D. H. Moulding machines. 

Bowen, C., and Marino, Q. Electrolytic process for coating 
iron or steel with lead or antimony or alloy of lead 
and antimony. 10,314. April. 25. a 

Campbell, D. F., Campbell, Gifford & Waite, and 

ifford, W. 8. Control of power absorbed in electric 
furnace. 10,357. April 25. : 

Catterall, J. B., and Cohen, H. E. Furnaces for melting 
and refining metals. 12,907. 12,908. May . , 

Cooper, G. Means for casting tubes, etc. 9,802. April 17. 

Courtot, L. Means for fixing foundry cores in moulds. 
9,604. April 15. (France, February 7.) 

Cunningham, D. M., a stein & Atkinson. 
heat treatment of metals. 10,132. April 23. _ - 

Doehler Die Casting Company. Method of making finished 
castings. 11.770. May 10. (United States, November 5B, *18.) 

Green, G., and Roper, E. A. Foundry cupolas. 12.04 


May 4. : . : 
Hyde, A. €. Means for electric welding of iron or stee! or 
alloys thereof. 10,858. May 1. 
Jackson, A. Production of iron. 10,333. 
Keller, €. A. Manufacture of cast-iron. 
(France, March 20, 1918.) j 
Lenoir, € Manufacture of manganese and its alloys ia 
electric furnaces 10,755. April 3. (France, January 8, 


1914.) 

Priest, C. F. Muffle and semi-muffle, etc., furnaces. 10,439 
April 26. 

Rennison, F. T. 
April 25. 

Sundberg, A. G., and Thomasson, T. E. Process for manu- 
facturing pure electrolytic copper from cement copper. 
11,312. May 6. : : 

Sharp, A. (Willmer). Pots or crucibles for melting glass or 

. 10,145. April 23. : 

Speer, J. R. Chrome nickel steel. 10,338. April 25. 

Stokes, F. W. Centrifugal moulding machines. 
May 3. 

Themae, H. Furnace ladles. 12,131. May 14. 

McKechnie Brothers. Method for separating or recovering 
nickel from cupro-nickel alloys, scrap, etc. 11,725. May 10. 


(United 


Furnaces for 


April 25. 


12,293. May 15 


Reversible gas-heated furnaces. 10,507. 


11,112 








Let us know your requirements 
and we will quote you. 


Wellington ~ S) 


Joseph Sankey & Sons Ltd 











LEGGE’S IRON CEMENT. 


The most efficient for general Engineering and Foundry Work. 
It repairs permanently and effectively makes good all defects in Castings 
leaking parts and connections in Steam, Water, Gas and Air, etc. 

WRITE TO MANUFACTURER@— 


F. THOMPSON LEGGE & CO. 


16, South Castle St., 


LIVERPOOL. 














THE FOUNDRY TRADE JOURNAL. 








Telegrams: “Durrans, Pennistone.” Tel 


Established 1863. 


JAS. DURRANS & SONS. 


Phenix Works, Penistone, situ. 








Manufacturers of all 


FOUNDRY EQUIPMENTS 


COMPOSITION BLACK LEAD, PLUMBAGO, CORE GUM, WHITE DUST & COAL DUST 


Ladies, Cupolas, Fire Bricks, Gannister, Stone Flax, Loam and Sand Mills, 
Casting Cleancrs, Studs, Chaplets, Pipe Nall«, Sprig Brushes, Wire Brushes, 
Core Ropes, Bellows, Buckets, Spades. Forks, Riddles, Sieves, Barrows, Etc. 


r or Fettling Drum. 





These Machiués are invalunble for a Foundry, doing a larger amount of work ofa 
aapeany qaality, in a much shorter time than can be done by hand, without skilled 
abour,. ‘ 
The following testimonial explains itself -— ; ; 
“Dear Sits,—We have been using your best Blacking for a large number of years, and always use it on our. 
large Ingot Moulds, which, as you know, we have made up to 8 tons in weight. 2 
Yours faithfully, THE BRIGHTSIDE FOUN DRY & ENGINEERING CO., LD. 
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MONTHLY PRICE LIST. 


The undermentioned prices, uniess eer ry specified, are those obtaining at the co 


CONTROL PRICES. 
Pig-iron. 
Hematite— 
East Coast Mixed Nos. 


we 9 
East Coast No.1... - oo 
West Coast Mixed Nos. £8 17 6-9 
£9-£9 
a oe 


onal 


= 


Scottish Mixed Nos. 

Welsh Mixed Nos 
ee 

No, 

No. H foundry G.M.B. 

No, 4 foundry 

No. * forge 


Bas: 
Darbyuhive, Leices. Lg and Notts— 
No, 4 forge .. 
No, 3 foundry 
No, 2 foundry 
No. 1 foundry 


S2xDwD 
a 
oaceo oo 


iC es an 

Northamptonshire— 
No, 4forge .. 
No, 4 foundry 
No, 3 foundry 
No. 2 foundry 
No, 1 foundry 


ie RR ER aarae 
ee Staffordshire, Shropshire and 
orcestershire— 
Part-mine forge 
Part-mine foundry 
Staffs. 


All-mine forge 
All-mine foundry 
Warm-air forge 
Warm-air foundry 
Cold blast =... 


Basic .. 
Scottish— 

Foundry 

Nore. ~The above prices are those 
fixed by the makers as a minimum for 
May-June delivery. In consequence of 
‘works being booked to capacity, 
makers are now quoting on an average 
5g, per ton higher. 
Delivered in Manchester— 

*Derbyshire, “ee 3... 

*Cleveland, No, 3 

Scottish, No. 8 3 
* Merchant price: s, 

Delivered in Sheffield— 

East Coast hematite 

Derbyshire basic 

Lincolnshire basic. 

Do. No.3 foundry 
Do, forge 


NASSAG 


OO Wa3s363 


— 
swoc 





High-Speed Too! Steel. 
Finished bars, 14 per cent. Tungsten. . 
Finished bars, 18 per cent, Tungsten. . 

Per Ib, delivered buyers’ works, 
Extras— 
Rounds and squares 3 in. to 8 in, in- 
clusive ¢ . 4d, per Ib, 
Rounds and squares under } in. to 


tin. a 
Flats under 1 in. by : in. to ; in, rity 
} in., and all sizes over four times 3 
in width and over thickness | 
Bevels of approved sizes and sections 6d, "0 
Tf in Coils 
Packing ° , 
Bars on tolength . 
Scrap froin High- Speed Tool Steel— 
Scrap pieces, 5d. 
Turnings and Swarf, 3d. 
Per Ib. net, d/d steel-makers’ works. 


‘ 4s. per cwt 
- 10%extra 





Ferro-Alloys 


Ferro-Titanium.—15/18% Ti, and 5/8 % car., 8d, 
Ferro-Titanium—23/25% Ti. carbonless. 1/6. 
Ferro-Tungsten.—80/90%., 3/-. 
Ferro-Molybdenum.—65/80%, Mo., 13/-, 
Ferro-Vanadium.—33/40%, -» 25/-, 
eee eee ys 4, carbonless, 3/6. 


-) 
Werro-Phosphorus. ga tO P, - 0 0, 
F ‘Chrome. £55 yA, 


chr., % 
Werro-Bilicon.— 75%, aft o¢ 
Ferro-Silicon.—45/50% ‘i “25 0 0 d/d. 
at Sheffield Steelw orks. 
Werro-Manganese.—-80%, £25 loose, £26 0 0 
packed, Export £25, coneemes to destination. 
(All per fos.t, 


the current month. 


Standard cash .. 
Three months . 


Tough 
Rest selected 
Sheets 


India 116 

American electrolytic spot 87 0 
Do, June ‘ +. 8610 
Do. Ful y-August 86 10 

Official average price cash, May 
Do, Three months, May oe 
Do. Settlement, May e 
= by ag ad ve 


Average’ 8 st pene, co} pet, Ma 
pot or May . ° oe 
Tin. 
£ 
--243 
. -239 
. -239 
.- 241 


-245 


Cash . 
Three months 
English 

Bars 


Australian 
—¥ ‘ 
Official average price, cash, itey 
Three months, May . 
Do. Settlement, May 
Average spot price, May 


Ordinary 
Remelted | 
Hard 
Electro 99.9 
English .. 
India s ‘ 
Zinc dust . ea 
Do. English oé ee 
Zinc ashes, per cent. 70 
Official average price, April 
Average spot price .. es 
Lead. 
Soft foreign (net) ‘ 
English 
Official ave: rage price, "May 
Average spot price, May 
Antimony. 
English regulus de - 
Chinese 5 
Crude 
Ore - o> 
Aluminium. 
98/99— 
per ton. 


Virgin Metal 


INGOTS, 
iaee No. =. or I, 
1I1., IV., or V. 
IV. ‘or V il 
VIil, ae 
XI. se me oa 
Cast Strips and Ingots 
re 
Lorl 
IIL., 1v. “or Vv. 
IV. or V II, 
Vill, 


XI. 
No. VIL, “Chill, Cast, Solid 
Cored Bars 


: eocooeosceo 


41 0 0 
3610 0 
70 0 0 


13 0 «0 


- 3513 9 


35 10 0 


..23 0 0 
24 0 0 

1.23 18 54% 
..23.17 34 


ss & 2°s 
- 4110 0 
- 32 0 0 


Nominal, 


-- 150 0 0 


Per ton, 


Per Ib, 


Delivery 2 2 Cwt, free to any town, of 


10 per cent. Phos ae Oe Copper 
price of best selected copper. 
15 per dew Phosphor Copper 


price 
Phosphor Tin (5 per cent.) . 
price of Eng! Ingots. 


Phosphor-bronze prices eon 


CHARLES CLIFFORD AND SON 


. £40 above 


. £60 above 
- £20 above 


lied by 
IMITED, 


FAZELEY STREET MILLS, BIRMINGHAM. 


ae , aN. 
purity, per Ib. 
olehat, 
In cubes, 98/99— purity per ton 
ion d Nickel Silver. 
ngots for raising . 
Ingots for Spoons and Forks" 
» folled to spoon size 


98/99— 


*Tungsten Metal Powder. 


96/98— purity, per Ib. ee 
*Mol 
‘eevee, - purity per Ib. 


. £19 0 0 


per Ib. 
1/4 to 1/9 
1/4 ,, 1/9 
1/6 ,, 1/11 


per Ib, 
3/6 





£ 


8. d. 
012 6 
0 


5 


18 
° Net, delivered Sheffield Works, 
Scrap Iron and Steel. 
Steel hea ae “ 
scrap, pony 
Iron scrap cast — metal) .. 
( f.0.b.). 
Heavy steel ve oe - 
1 Scrap. 





Light ,, 
Heavy cast 


Stee 
Without Analysis— 


Heavy steel melting scrap. . 

Steel planings, turnings and ‘borings 

Steel pl. . t and borings 
— wit ‘wrough' iron or other 


terial 

Other classes of steel scrap, whether. 
or not 
F.o.r. Py ess at nearest siding 

or whart. 
Ww ith Anahy— 

Heavy steel melting ap not over 
0.04 per cent, id 

Heavy steel melting no bd ‘hot over 
0.05 per cent, p. ands, .. 








Wrought-iron oe 
£ 


(1) (@) W.I, plates and sections, not 
less than j in, thick, reasonably 
_ of rivets, flanged ends, etc., 
suitable for shearing ~ cable 
scrap chain scrap not less 
than ¢ in. dia, sie ee 
(b) Heavy W.1I. scrap not less than 
} in. thick including horseshoes, 
jay and bolts, and scrap there- 


( Ww. I. scrap under } in. thick, and 
all - Scrap not included in 
classes 1, 2 and 3.. mn 

(2) Mixed W.I. scra’ 

(3) Wrought-iron planings, “turnings 
and borings mixed with steel or 
other materials , 29 

(4) W.I, planings, turnings 

borings .. ~ re 


Cast-Iron Scrap. 


Heavy ord., broken, between 1} cwt. 
and 10 ewt. each 
bag +4 machinery, broken between 
ewt, and 10 ewt. each. 
Col blast, broken, between Dr ewt., 
and 10 cwt. 
Ingot-mould, unbroken ‘ 
Do. broken, between 5 cwt, and 
2tonseach . 
Do. between 1k ewt. and 5 ‘wt. 
each 
Railwa 
remelting .. 
Heavy lumps, ns not exceeding 2 tons 
each .. 
Light. 
Burnt. broken ready for cupola 
Burnt fire bars 
Turnings and torings, for iron and 
steel makers 


OGld Metal. 


and 





chairs, whole or broken for 





London— 
Copper (clean) 
— clean) 

Lead (less usual i dratt) 
Tea lead 
Zinc 
New aluminium cuttings 
Braziery popper 
Gunmetal s we 
Hollow ° 
Shaped wter 

(above ‘i ad merchant's yard). 


Metallurgical Coke. 
Durham and - eae aame te 
Blast furnace ee ee 


oundry 
Lancs,, Staffs., Yorks, Notts., * Derby- 
shire, Lincolnshire and Midland 
Counties— 
Blast furnace 
Foundry 


coceccocoscoc™ 





F.0.t. at ovens. 
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SITUATIONS VACANT AND WANTED. 











SITUATIONS VACANT AND WANTED. -—cont. 








L gppree el FOREMEN wanted. Heavy and light 

green sand work—about 30 tons per week. Good 
salary to first-class man well up in modern practice. 
References, experience and salary required to Barford 
& Perkins, Limited, Peterborough, 





OUNDRY SUPERINTENDENT for the Mid- 
lands, well up in high-class grey iron, engine and 
machine tool castings, malleable iron, and non-ferrous 
castings ; output 60 tons por week. Good disciplinarian 
and capable of turning out good castings at reasonable 
prices required. Give age, salary, and experience in 
strict confidence.—Apply, Box 244, Founpry TRADE 


JourNAL, 165, Strand, London, W.C.2. 








ALLEABLE FOUNDRY.—A thoroughly capable 
q and experienced Assistant Foreman wanted for 
large malleable foundry in the Midlands; age about 30. 
—Write, giving particulars of experience, age, and 
salary desired, Box No, 242, Offices of THe Founpry 
Trape Journat, 165, Strand, London, W.C.2. 





has had a 
and technical 


ETAL PATTERN MAKER who 
thorough and varied practical 


M 


experience of machine moulding practice, plaster and 
metal core-boxes, plaster patterns, and small dies for 
die-casting, desires suitable situation. —Address, Box 
No. 236, Offices of THe Founpry TRADE JOURNAL, 
165, Strand, London, 


W.C.2. 








THE TECHNICAL COLLEGE, LOUGHBOROUGH. 


H. Scuorretp, M.B.E., B.Sc., A.R.C.Se., A.M.1.C.E., 
Principal. 
ANTED, an INSTRUCTOR IN FOUNDRY 
PRACTICE: 
Applicants should: be of good education and address, 
and have had experience in modern Foundries. 


They should be familiar with various types of 
moulding machines. 
Commencing salary, £200 to £250 per annum, 


according to experience and qualifications. 
Applications should be addressed to the Principal. 


ANTED, for steel foundry near London, 
thoroughly experienced PATTERN MAKER 
for new pattern shop, Man engaged must be experi- 
enced in pattern making and pattern plate making for 
machine moulding,—Write fully, stating experience 
and wages required, and enclosing copies of testimonials 
to Box. 202, Offices of the Founpry Trape Journat, 
165, Strand, London, W.C.2. 





FOR SALE AND WANTED. 





OR SALE, Sand Blast Machine, with Reavell 12/8 
Air Compressor, 157 c.f. capacity, air vessel, with 

or without 15 h.p. E.C.C. 460 v. motor, perfect condi- 
tion, £200 to: clear.—W. Prerry & Sons, Lrurrep, 
Ipswich, 





T EEDS Engineering Firm require 1 ton per week 
44 medium weight Iron Castings, Pipes, Bends, 
centrifugal pumps.—Reply, Box 240, Offices of Tue 
Founpry TRADE JourRNAL, 165, Strand, London, W.C.2. 





ANTED, a Foundry to supply Cast Iron Welding 

Rods made in the Muffle Furnace. Control of 

raw materials would have to be exercised to ensure 

minimum amount of impurities. Good business can 

be placed if satisfactory rods can be produced.—Apply, 

“ Oxyweld,” Box 238, THe Founpry Trape Journat, 
165, Strand, London, W.C.2. 





OR SALE.—Two No. A5, one No. A3, and one 
No. R3 Bonvillain Universal Hydraulic Mould- 
ing Machines.—John Jardine, Ltd., Nottingham. 


OR SALE.—Small Iron and Brass Foundry and 

Engineering Works, about 30 miles from London, 

on Main Line. Good orders on hand. Or would con- 

sider an experienced working partner.—Box 218, Offices 

3 ~ Founpry TRADE JOURNAL, 165, Strand, London, 
.C.2. 











i ALUMINIUM FOUNDERS.—We require a 
firm to cast fine aluminium castings up to 
5/16 in. thick, 9 ft. 6 in, long, 2 ft. 9 in. wide, by 
6 in. deep. Mixture not contain iron.—Apply, Box 
246, Offices of the Founpry Trape Journa, 165, 


Strand, London, W.C.2. 

















SWEDEN. 






We are wholesale dealers in all kinds of supplies for Foundries. 


Please send catalogue stating prices and conditions in general. 


A. Cliff and Co., 





Gothenburg. 
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CORE GUM. — GLUTRIN. — CORE OIL. 





Telegrams : Wm. Olsen, Hull. 


Corraicut. 


PARTING. — PLUMBAGO. 
"SLNAA 3YO9D XVM 











‘ou WSN Oy) Ie saNIW TBR 94] —onoyy 








Established 1890. 


CRUCIBLES. — — RESIN. — GANISTER. 


WILLIAM OLSEN, Ltd., 


Materials and Requisites for Ironwork, Dicubsaidins, &c., 
COGAN STREET, HULL. 

















WHITTAKER § IMPROVED MOULDING MACHINE 


By which Wheels or Pulleys of any description or sizé 
from 3 inches to upwards of 20 ft. diameter can be made, 








THE MOST COMPLETE AND EFFICIENT 
MACHINE HITHERTO INTRODUCED TO 
ENGINEERS. 


All Machines warranted .to Mould with the greatest accuracy and precision, 








GEARING WHEELS 


Spur or Bevel, Straight Teeth and Double Helical 
Teeth Supplied to Consumers. 


ROPE & BELT PULLEYS. 





WM. WHITTAKER & SONS, LID., 
SUN IRON WORKS, ()] DHAM. 











